I 


N  3NI3I03W    JO    nvaill    TVN0I1VN        SNIJIOiW    JO    AHVU8M    1VNOI1WN  3NI5I 


N  JNI3I01W4O    U»llll    l»NOIIVN         iNI3IQiVI    JO    *I»III1    1YNOIHN  3  N  I  3  II 


t  A^n 


V. 


]  xar  i 


E  NATIONAL    LIBRARY    OF    MEDICINE         NATIONAL    LIBRARY    OF    MEDICINE  NATK 


n       jNoiajw  jo  Jiivitn  hnoiivn      jnijiojw  jo  nvmii  i»moii»n       JNonw 

W\   E    A 


JNI3I0JW    JO    AIVIII1    1VNOI1VN        ■ 


!    Vg?    ! 


I 


*  5.  J 

IE  NATIONAL    LIBRARY    OF     MEDICINE        NATIONAL    LIBRARY    OF    MEDICINE  NAIlW 


!  xX  )C>   i 


N  JNDIOJW    JO    A.  II  V  «  fl  I  1    1VN0I1VN         J  N  I  3  I  a  3  W    JO    A  »  V  I  9  U    TYNOI1VN  3NI3'H* 


*       V    M  ■ 

E 


IE  NATIONAL    LIBRARY    OF    MEDICINE        NATIONAL    LIBRARY    OF     MEDICINE  NATIONAL 


\^  ~\  *  r 


!N Aavaan  tvnoiivn        iNuifliw  jo  »»»iiin»NOii»N     JNi3ia3w  jo  nmii 


N'",B«ARY    OF    MEDICINE  NATIONAL    LIBRARY    OF    MEDICINE        NATIONAL    L..BRARY    O 


\  I 


1     !«:o   Aivam  tvnoiivn        iNiDiaaw  jo  iivim  tvnoiivn      3  n  i  d  i  q  3  w  jo  k»  v  as  1 


;•- 


of  medicine      national  library  o 


®  > 


"%>! 


NltllBRARY    OF    MEDICINE  NATIONAL    LIBRARY 

n    i«jo  xavaen  tvnoiivn       3NI3I03W  jo  k  a v  a  a  11  tvnoiivn 


3NI3I03W     JO    ilVH 


3  « 

*  2.  * 

f       NIIMBRARY    OF    MEDICINE  N  A  T  I  O  N  A  L    L  I  B  R  A  R  Y     O  F     M  E  D  I  C  I  N  E       N  A  T  I  O  N  A  I  L  I  B  R  A  R  Y    ( 

X  o 


„jo  Aavaan  tvnoiivn        bnidiqjw  jo   xavasn  tvnoiivn      sniokmw   jo  *»»»« 

iViV\   \  /V'fVN   i  /V  ?'■ 


I 


UBR  ARY    OF    ME  Dl  C  I  NE  N  A  T  I  0  N  A  L    L  I  B  R  A  R  Y    O  F    M  E  0  I  C  I  N  E        N  A  T  I  O  N  A  I    L  I  B  R  A  R  Y 

\  ! 


/7~y 


sip?-  ?  T¥j 


a  B  SI  Bl  in     i  V  N  O  I  1  V  N         3  N  I  3  I  Q  3  W     JO    A.  a  V  a  I 


MEDICAL  CHEMISTRY 


USE  OF  STUDENTS  AND  THE  PROFESSION: 


MANUAL  OE  THE  SCIENCE, 


WITH  ITS  APPLICATIONS  TO 


TOXICOLOGY,  PHYSIOLOGY,  THERAPEUTICS,  HYGIENE,  fce. 


BY  D.  P.  GARDNER,  M.D., 

FORMERLY  PROFESSOR  OF  CHEMISTRY  IN  THE  PHILADELPHIA  COLLEGE,  AND  OF  CHEMISTRY 

AND  NATURAL  PHILOSOPHY  IN  HAMPDEN  SIDNEY  COLLEGE,  VIRGINIA  J 

CORRESPONDING  MEMBER  OF  THE  LYCEUM  OF  NATURAL 

HISTORY,  NEW  YORK,  ETC.  ETC. 


PHILADELPHIA: 
LEA     AND     BLANCHARD. 

1848. 


QH 


Entered  according  to  the  Act  of  Congress,  in  the  year  1S43,  by 

LEA  AND  BLANCHARD, 

in  the  Clerk's  Office  of  the  District  Court  for  the  Eastern  District  of 
Pennsylvania. 


PHILADELPHIA: 
T.   K.  AND  P.  G.   COLLINS,  PRINTERS. 


PREFACE. 


The  Author  has  felt  much  emharrassment  in  the  discharge  of 
his  duties  as  a  teacher  of  Chemistry  to  a  medical  class,  from  the 
want  of  a  suitable  text-book.  The  works  on  the  subject  are 
sufficiently  numerous,  but  they  treat  the  science  abstractly,  and 
are  for  the  most  part  too  heavy  for  the  purposes  of  the  medical 
student. 

So  far  as  he  may  judge,  there  is  wanting  a  book  which  directs 
the  attention  of  the  novice  to  the  intimate  connections  between 
this  science  and  medicine — something  which  may  interest  his 
mind  in  the  subject  of  Chemistry  by  pointing  out  its  relations  to 
physiology,  therapeutics  and  practice. 

The  attention  of  the  profession  has  been  excited,  within  the 
last  few  years,  by  the  labors  of  the  German  and  French  chemists, 
in  physiology  and  the  kindred  sciences;  but  these  researches  are 
in  some  measure  unappreciated  among  us,  from  the  want  of 
chemical  knowledge,  and  the  apparent  difficulty  in  acquiring  it. 
The  author  has  been  desirous  of  offering  a  means  of  dispelling 
this  difficulty,  by  the  preparation  of  a  manual,  which  may  serve 
as  an  introduction  to  more  elaborate  essays. 

He  does  not  lay  claim  to  originality,  but  is  more  ambitious  to 
be  useful;  and  his  highest  satisfaction  will  be  found  in  having 
contributed  something  towards  the  introduction  of  chemical  sci- 
ence into  medicine. 

D.  P.  GARDNER,  M.  D. 

Philadelphia,  July  1848. 
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MEDICAL    CHEMISTRY. 


INTRODUCTION. 


Chemistry  is  the  science  of  atoms;  it  not  only  investigates 
their  properties,  but  their  relations  to  one  another,  and  the  influ- 
ence of  certain  forces  on  them.  There  are,  therefore,  two  capital 
divisions  of  the  subject,  the  history  of  matter  and  the  nature  and 
effects  of  force.  Matter,  in  this  science,  is  supposed  to  consist 
of  extremely  minute  particles  or  atoms,  separated  from  one  an- 
other by  a  rare  medium  called  ether,  and  to  possess  impenetra- 
bility, gravity,  porosity,  inertia,  and  indestructibility.  Force,  on 
the  other  hand,  is  convertible,  and  the  result  produced  by  any 
application  of  it  may  be  either  the  motion  of  a  mass,  the  evolu- 
tion of  heat,  light,  electricity,  or  molecular  disturbance,  these  de- 
pending on  the  degree  and  manner  of  application  of  the  force. 
Of  the  chemical  forces  we  know  nothing  except  by  their  action 
on  matter,  which  is  either  that  of  attraction  or  repulsion ;  there- 
fore for  their  evolution  chemists  admit  the  presence  not  only  of 
ordinary  matter,  but  also  of  a  rare  medium  called  the  luminiferous 
or  universal  ether,  occupying  space,  and  present  in  all  bodies;  in 
the  motion  of  which  the  phenomena  of  heat,  light,  and  electricity 
are  apparent.  The  atom  of  the  chemist  is,  therefore,  surrounded 
by  an  atmosphere  or  envelope  of  ether,  and  is  subjected  to  any 
action  which  affects  this  medium.  The  term  imponderable, 
formerlv  employed  to  designate  heat,  light  and  electricity,  is  not 
now  used,  for  these  are  considered  forces,  and  not  particular  kinds 
of  matter. 

Definitions. — The  terms  employed  in  stating  the  chemical 
views  of  matter  require  to  be  denned  to  obviate  any  misunder- 
standing. 

An  atom  is  the  ultimate  portion  of  a  body,  beyond  which  fur- 
ther division  is  impossible;  it  is  spheroidal,  of  a  known  weight 
called  its  atomic  weight,  proportional  or  combining  number ;  it 
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is  enveloped  by  ether,  and  has  inertia.  It  is  said  to  be  elemen- 
tary or  simple  when  it  cannot  be  changed  by  heat,  light  01  elec- 
trify; compound  when  it  can  be  separated  into  two  or  more 
parts  by  these  forces.  It  is  extremely  minute,  as  may  be  con- 
ceived from  the  fact  that  a  globule  of  blood  is  one  four-thousandth 
part  of  an  inch  in  diameter,  yet  consists  of  three  parts— a  central 
nucleus,  an  envelop  of  coloring  matter,  and  a  proper  covering, 
and  that  the  nucleus,  consisting  of  globulin,  contains  166  atoms 
Ehrenberg  also  announces  that  ten  thousand  thousand  millions  ot 
Baccillarit  occupy  but  one  cubic  inch.  Yet  each  of  these  ani- 
mals consists  of  many  complicated  parts.  All  chemical  changes 
occur  among  these  atoms.  # 

Matter  consists  of  an  aggregation  of  atoms  having  extension  or 
occupying  space;  it  is  compound  or  elementary,  in  a  chemical 
sense,  as  it  is  composed  of  combined  or  elementary  atoms.  Its 
particular  form,  whether  it  be  a  gas,  a  fluid,  or  solid,  depends 
upon  the  condensation  or  separation  of  the  atoms.  In  conse- 
quence of  the  atoms  being  separated  from  one  another,  there  exist 
spaces  occupied  by  ether  between  them,  which  give  to  the  mass 
the  quality  of  porosity.  It  also  appears  to  be  continually  sub- 
ject to  two  states  of  force,  attraction  and  repulsion,  the  former  of 
which  tends  to  bring  the  particles  together,  and  the  latter  acts  to 
disunite  them. 

Porosity. — This  term  expresses  the  fact,  that  all  matter,  and 
forms  of  matter,  are  full  of  pores  or  spaces  containing  ether,  into 
which  bodies  can  pass  under  favorable  circumstances.  The  ex- 
tent of  the  porosity  depends  upon  the  condition  of  the  body,  gases 
and  vapors  being  remarkably  porous,  and  allowing  other  gases  to 
flow  through  them  with  little  obstruction,  fluids  being  less  por- 
ous and  solids  least  so. 

Impenetrability. — The  property  one  portion  of  matter  possesses 
of  occupying  space,  to  the  exclusion  of  all  other  bodies.  It  re- 
fers to  the  absolute  parts,  and  not  to  the  interstices.  Numerous 
illustrations  of  this  property  are  at  hand,  but  a  very  striking  one 
is  as  follows : — If  a  tumbler  be  inverted  into  water,  it  may  be 
pressed  down  several  inches  without  the  water  rising  into  it,  be- 
cause the  contained  air  is  impenetrable.  On  this  principle,  the 
diving  bell  is  constructed. 

Gravity. — All  matter  has  weight,  and  exerts  pressure.  This 
pressure  is  termed  gravity;  it  is  developed  to  a  remarkable  extent 
in  bodies  of  great  bulk,  as  the  earth,  sun  and  planets. 

Inertia. — An  indisposition  to  rest  or  motion  ;  incapacity  to  take 
on  motion,  or  to  stop  if  in  movement.  It  is  necessary  that  a 
force  be  acting  to  produce  motion,  and  that  an  equal  force  or  re- 
sistance be  employed  to  arrest  it.  The  world  and  planets  offer 
sublime  illustrations  of  the  inertia  of  matter.     These  being  ori- 
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ginally  thrown  into  movement,  continue  it  in  the  absence  of  a 
sufficient  impediment  to  their  courses.  This  property  holds  for 
atoms  likewise. 

Indestructibility  is  a  property  of  atoms.  It  expresses  the  fact 
that  an  atom  of  matter  cannot  be  destroyed ;  it  may  unite  in  a 
variety  of  ways  under  the  influence  of  light,  heat,  or  electricity, 
but  it  reappears  when  these  forces  are  removed.  Thus  the  fire 
does  not  destroy  the  atoms  of  carbon,  but  merely  overcomes  their 
particular  combination.  If  we  take  means  to  collect  them,  they 
will  weigh  as  much  as  before  combustion. 

Ether. — This  is  an  extremely  rare  body,  which  possesses  no 
appreciable  weight,  is  supposed  to  envelope  every  atom,  and  oc- 
cupy all  space.  In  it  the  undulations  or  movements  producing 
heat,  light  and  electricity,  take  place.  Its  existence  seems  to  be 
more  than  hypothetical,  for  it  has  been  shown  that  the  flight  of 
several  comets  is  impeded  by  an  agent  which  is  too  rare  to  dis- 
turb the  movements  of  the  planets.  The  comets,  which  are  va- 
porous masses,  being  more  readily  influenced  by  a  trifling  resist- 
ance, are  soonest  affected  ;  in  consequence  of  this  action,  the  comets 
of  Biela  and  Encke  have  had  their  orbits  contracted,  and  their 
periods  lessened  each  revolution,  the  former  by  one,  and  the  latter 
by  two  days.  The  density  of  a  body  depends  upon  the  propor- 
tion of  ether  to  matter,  gases  containing  the  greatest  amount  in- 
terposed between  their  particles,  and  solids  the  least. 

Specific  Gravity. — All  matter  has  weight  or  gravity,  and  this 
property  depends  upon  the  attraction  of  the  earth,  but  every  spe- 
cies of  matter  is  not  equally  attracted.  An  ounce  phial  of  quicksil- 
ver weighs  very  much  more  than  the  same  amount  of  water,  oil, 
or  other  fluids.  A  cubic  inch  of  gold  weighs  more  than  twice  as 
much  as  the  same  bulk  of  iron,  lead,  or  zinc.  In  considering  the 
gravity  of  a  body,  it  is,  therefore,  necessary  at  the  same  time  to 
remember  its  bulk,  and  this  is  done  whenever  the  specific  gravity 
is  given — for  the  specific  gravity  (sp.  gr.)  is  the  expression  of  the 
weight  of  a  body  as  compared  to  its  bulk.  Water  is  taken  as  the 
standard  in  solids  and  fluids,  air  in  gases  and  vapors.  The  solid 
or  fluid  is,  therefore,  compared  to  water  as  unity,  and  if  it  be 
heavier,  the  proportion  as  compared  to  a  similar  bulk  of  water  is 
given,  and  this  constitutes  the  specific  gravity.  Thus  if  we  wish 
to  ascertain  the  specific  gravity  of  a  fluid,  we  select  a  bottle  capa- 
ble 'of  containing  exactly  1000  grains  of  water,  and  this  being 
filled,  weigh — then  the  bulks  being  the  same,  the  specific  gravities 
will  be  directly  as  the  weights.  If  the  fluid  weigh  1800  grains, 
its  specific  gravity  will  be  1'8  that  of  water  being  1, — or  1800 
that  of  water  being  1000.  So  by  this  simple  means,  the  thoU' 
sand-grain  bottle,  the  specific  gravities  of  fluids  can  be  taken. 
We  may  also  employ  the  buoyant  power  of  liquids,  for  this  is 
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found  to  be  directly  as  their  densities.     On  this  principle  the 
hydrometer  and  the  specific  gravity  beads  are  constructed. 

The  hydrometer  is  a  vessel  of  metal  or  glass,  con- 
sisting of  a  stem,  and  two  ovoidal  bulbs,  the  lower 
usually  small,  and  filled  with  shot  or  quicksilver,  to 
keep  the  instrument  (fig.  1)  in  an  upright  position  in 
fluids.  The  stem  is  graduated,  and  the  whole  is  of 
such  weight  that  it  floats  in  most  liquids,  but  in  dif- 
ferent degrees,  the  stem  being  more  or  less  sub- 
merged. When  the  fluid  is  light,  it  sinks  lowest,  and 
when  heavy,  is  buoyed  up,  and  we  may  determine 
the  specific  gravity  by  reading  the  marks  of  the  scale 
on  the  stem. 

fThe  specific  gravity  of  a  solid  is  readily  obtained, 
by  weighing  it  first  in  air,  then  in  water,  finding  the 
difference,  and  dividing  the  first  number  by  this.     The 
difference  in  this  case  is  the  weight  of  an  equal  bulk 
of  water. 

In  the  case  of  gases  and  vapors,  a  bottle  of  certain  dimensions 
is  taken ;  this  is  weighed  when  full  of  air,  and  also  weighed  after 
it  has  been  thoroughly  emptied  under  the  air-pump ;  the  difference 
gives  the  weight  of  the  air  irrespective  of  the  glass.  If  now  it  be 
filled  with  vapor  of  water,  oxygen  or  any  other  gas,  and  weighed, 
the  increase  of  weight  will  be  due  to  the  gas  employed,  and  by 
taking  air  as  unity,  the  specific  gravity  is  readily  determined. 

In  all  these  cases,  the  temperature  is  to  be  considered,  for  bodies 
dilate  by  heat  and  become  of  less  specific  gravity  by  their  enlarge- 
ment.    The  temperature  adopted  as  a  standard,  is  60°  F. 

The  foregoing  are  the  essential  properties  of  atoms  and  matter, 
but  there  are  others  which  are  particular  or  dependent.  The 
particular  properties,  as  combustibility,  color,  malleability,  duc- 
tility, &c.,it  is  the  business  of  the  chemist  to  discover  by  experi- 
ment, and  record  as  a  test  of  the  presence  of  any  given  sub- 
stance. The  dependent  properties  arise  from  peculiar  circum- 
stances; such  are  elasticity,  compressibility,  expansibility,  cohesion, 
for  the  same  substance  may  or  may  not  exhibit  these  qualities. 
Water  is  little  elastic,  but  steam  is  highly  so ;  the  one  has  cohe- 
sion, the  other  little  or  none.  The  dependent  properties  of  mat- 
ter, with  the  state  of  combination  and  other  considerations,  depend 
upon  the  action  of  the  chemical  or  molecular  forces,  heat,  light, 
and  electricity;  hence  it  is  a  matter  of  great  importance  to  under- 
stand their  effects,  and  this  study  constitutes  a  necessary  portion 
of  chemistry. 


PAET  I. 

THE  CHEMICAL  FORCES. 


HEAT. 


Heat  and  Caloric  are  terms  often  used  indiscriminately,  but 
they  were  originally  employed  to  designate  things  entirely  differ- 
ent, caloric  being  a  name  given  to  the  agent  which  produces  the 
phenomena  of  heat — and  heat  to  some  of  the  effects  so  produced, 
as  the  expansion  of  bodies,  and  the  sensation  of  warmth. 

The  cause  of  heat  was  formerly  attributed  to  the  action  of  ex- 
tremely minute  imponderable  atoms,  which  had  a  self-repellent 
power,  and  which,  intruding  between  the  molecules  of  matter, 
caused  them  to  be  torn  asunder.  In  the  present  day,  it  is  attri- 
buted to  movements  in  the  atoms  of  the  ether  which  occupies  the 
interstices  of  matter.  These  movements  are  similar  to  the  vibra- 
tions which  produce  waves,  but  on  a  very  minute  scale.  They 
are  also  propagated  in  the  same  way  as  waves  from  a  centre,  di- 
minishing in  intensity  inversely  as  the  squares  of  the  distances. 
That  is  to  say,  the  heat  which  produces  an  effect  equal  to  100° 
degrees  of  the  thermometer  at  one  foot,  will  produce  but  |th  of 
this  effect  at  2  feet,  |th  at  3  feet,  TVth  at  4  feet,  &c.  This  law 
is  true  for  all  central  forces,  or  those  in  which  the  effect  lessens 
with  distance,  as  light,  gravity,  heat. 

Adopting  the  ethereal  hypothesis  of  caloric,  it  will  be  evident 
that  whilst  a  substance  is  heated,  and  its  ether  thrown  into  vibra- 
tions, the  atoms  of  the  body  will  be  forced  apart,  and  the  motion 
will  be  communicated  to  all  the  neighboring  ether  and  matter. 
In  virtue  of  the  first  effect,  all  bodies  expand  or  become  enlarged 
by  heat,  and  the  second  effect  is  termed  the  radiation  or  propaga- 
tion of  heat.  To  these  two  effects  of  expansion  and  radiation, 
nearly  all  the  phenomena  of  heat  belong.  Moreover,  the  differ- 
ence in  intensity  of  heat  depends  upon  the  strength  of  the  vibra- 
tions being  greater  as  the  temperature  rises.  Any  application  of 
force  may  throw  the  calorific  ether  into  vibrations;  it  is  done  by 
pressure,  as  when  gases  are  suddenly  condensed ;  it  is  done  by 
friction  in  filing  a  piece  of  metal ;  it  is  also  produced  by  electri- 
cal action,  as  in  the  passage  of  a  current  of  galvanism  through  a 
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piece  of  thin  platina,  &c,  and  in  a  variety  of  cases,  when  chemi- 
cal union  occurs,  as  in  the  common  fire.  In  these  and  every  other 
case,  there  is  a  force  acting  upon  the  ether,  and  not  the  introduc- 
tion of  new  matter,  as  according  to  the  corpuscular  theory. 

The  effects  of  Heat. — As  we  have  already  remarked,  the  prin- 
cipal effects  of  heat  are  expansion  and  radiation.  Other  conse- 
quences flow  from  the  undulatory  theory;  thus  as  the  amount  of 
ether  present,  in  any  form  of  matter,  is  dependent  upon  its  pecu- 
liar properties,  it  is  evident  that  the  same  force  will  act  unequally 
upon  different  kinds  of  matter,  producing  different  amounts  of 
expansion,  and  acting  in  different  times.  Thus  an  equal  weight 
of  mercury  is  heated  before  the  same  fire,  thirteen  times  sooner 
than  water.  In  consequence  of  this  difference,  bodies  are  said 
to  have  different  capacities  for  heat,  or  to  have  different  specific 
heats.  When  substances  are  condensed,  or  pass  into  a  rarer 
state,  it  is  found  that  heat  is  given  out,  or  a  sensation  of  coldness 
is  produced;  these  phenomena  are  attributed  to  effects  occurring 
in  a  contained  or  hidden  heat,  not  to  be  measured  except  during 
the  act  of  change;  this  part  of  the  subject  is  termed  Latent  heat. 
That  there  is  such  a  state  of  heat,  it  is  impossible  to  conceive  on 
the  ethereal  hypothesis,  but  as  there  are  many  important  facts 
grouped  under  this  head,  the  term  is  here  preserved.  The  ac- 
tions which  produce  the  phenomena  of  latent  heat,  will  be  con- 
sidered under  their  proper  head.  Heat  also  exerts  considerable 
action  in  the  chemical  union  of  bodies,  but  this  is  not  now  under 
consideration. 

The  study  of  heat,  therefore,  divides  itself  into  four  parts: 

1.  Expansion. 

2.  Radiation. 

3.  Specific  heat. 

4.  Latent  heat. 


§  1.    EXPANSION. 

Expansion  is  the  increment  in  size  which  elementary  bodies 
undergo  by  additions  of  heat;  it  does  not  always  occur  in  com- 
pound bodies,  because  decomposition,  evaporation,  or  some  par- 
ticular effect  may  arise  to  disturb  the  operation  of  the  agent. 
The  expanded  body  returns  to  its  original  dimension  when  cooled. 
It  is  demonstrated  by  a  number  of  cases :  thus,  if  we  adapt  a 
copper  ball  to  a  ring,  through  which  it  just  passes  when  cold, 
and  heat  it,  the  ball  will  expand  and  become  so  enlarged  that  it 
cannot  pass  the  ring,  but  on  cooling,  again  returns  to  its  original 
size.  This  experiment  may  be  taken  as  a  demonstration  of  se- 
veral important  facts.     It  shows  that  the  copper  ball  does  not 
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consist  of  atoms  only,  of  an  unchangeable  magnitude,  but  that  it 
likewise  contains  between  them  spaces  susceptible  of  enlargement; 
the  spaces  occupied  by  the  ether.  The  enlargement  is  not  due 
to  the  addition  of  matter,  but  to  the  thrusting  out  of  the  atoms 
of  the  copper  by  actions  taking  place  in  the  ether  of  the  spaces. 
These  are  of  a  temporary  nature,  and  the  atoms  come  together 
again  as  soon  as  the  vibrations  cease.  To  bring  the  parts  again 
together,  it  is  generally  conceived  that  a  new  force  of  attraction, 
the  reverse  of  that  which  separated  them,  comes  into  operation. 
So  that  the  atoms  are  subject  to  two  forces,  and  the  bulk  at  any 
time  represents  the  relation  between  them.  The  force  of  repulsion 
has  been  shown  to  be  heat ;  the  force  of  attraction,  or  cohesion, 
is  thought  to  be  electricity.  The  existence  of  this  second  force 
is  necessary  to  return  the* body  to  its  original  size;  otherwise,  the 
motion  commenced  in  the  ether  would  continue  for  ever  in  con- 
sequence of  the  inertia  of  matter.  A  competent  force  must  there- 
fore operate  to  destroy  the  motion  produced  by  heat,  and  bring 
the  body  to  its  former  state.  The  volume  of  a  substance  always 
depends  upon  the  relation  of  these  two  forces;  where  cohesion 
is  greatest,  the  solid  is  the  consequence  ;  when  it  is  less,  the  fluid  : 
whilst  aeriform  bodies  possess  but  little  cohesion.  In  consequence 
of  the  different  resistance  offered  by  the  cohesive  force  to  the 
disruption  of  the  atoms  of  bodies,  the  amount  of  expansion  in 
objects  differs  exceedingly. 

Expansion  of  Solids. — Solids  expand  very  differently.  Thus, 
between  32°  and  212°  of  Fahrenheit's  thermometer,  glass  expands 
about  tt'q gth  of  its  length,  iron  8T9tn>  g°ld  o¥2tn»  brass  jlsth, 
silver  y^yth,  and  lead  -g^-i-th* 

The  amount  of  expansion  for  high  degrees  of  heat  is  larger, 
the  rate  not  being  uniform  except  at  low  temperatures.  Iron  at 
212°  expands  zo\'5o^a  °f  *ts  length  for  one  degree,  but  at  572  as 
much  as  ^h^- 

The  expansion  takes  place  with  immense  force,  and  means 
have  to  be  taken  in  the  erection  of  metallic  bridges  to  guard  against 
the  consequences.  It  also  affects  the  length  of  the  pendulum, 
causing  it  to  beat  slower  as  it  becomes  heated.  For  this  there  is 
a  remedy  in  the  construction  of  the  compensation  pendulum. 
The  gridiron  pendulum  consists  of  an  arrangement  of  iron  and 
brass  rods,  such  that  any  increase  of  length  in  the  iron  may  be 
exactly  compensated  by  an  expansion  in  the  brass  in  an  opposite 
direction,  the  effect  of  which  is  that  the  bob  or  weight  is  kept 
precisely  at  the  same  distance  from  the  point  of  suspension,  and 
the  instrument  beats  with  perfect  regularity  at  all  temperatures. 

The  expansion  of  metals  is  made  use  of  in  the  arts,  as  in  tir- 
ing wheels,  and  for  other  purposes.  The  tire  being  hot  when 
adjusted  to  the  wheel,  contracts  upon  the  felloes  as  it  is  cooled, 
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binding  them  firmly  together.  Professor  Daniell  has  also  em- 
ployed it  for  the  construction  of  a  pyrometer  to  measure  high 
Temperatures  by  the  expansion  of  a  platinum  bar  fitted  to  a  case 
of  plumbago.  The  heat  enlarges  the  metal,  causing  it  to  thrust 
up  a  wedge  placed  above  it  in  the  case,  and  this  advance  is  mea- 
sured by  a  gauges  and  shows  how  much  the  platinum  had  ex- 
panded by  heat.  By  this  pyrometer  it  appears  that  the  pelting 
point   of  copper  is   1996°   F.,  gold   2200°,  cast  iron  2786°  F. 

Expansion ,  in  Liquids.— All  liquids  expand  by  the  application 
of  heat,  but  they  do  not  expand  equally,  nor  does  the  same 
liquid  dilate  regularly  for  similar  increments  of  heat,  but  taster  as 
the  temperature  rises. 

The  unequal  expansion  of  different  fluids  may  be  readily  de- 
monstrated by  taking  three  large  thermometers,  and  filling  them 
respectively  with  alcohol,  ether  and  water.  If  these  be  intro- 
duced into  a  water  bath  of  the  same  heat,  the  ether  will  rise  or 
expand  most  rapidly,  the  alcohol  next,  and  the  water  least.  In 
this  way  it  has  been  shown  that  from  32°  to  212°  F.,  or  for  180 
degrees  of  heat,  water  expands  ^Vd  of  its  bulk,  olive  oil  -^th ; 
alcohol  ^th;  and  sulphuric  acid  T'?th. 

In  this  small  amount  of  heat,  the  difference  in  the  rate  of  ex- 
pansion is  small,  but  at  higher  temperatures  the  rate  is  very  un- 
equal; thus  the  absolute  expansion  of  quicksilver  from  32  to  212 
is  Tyh  of  its  bulk;  from  212  to  392  =  jfcth  and  from  392  to 
572*=  y^d.     This  applies  to  all  fluids. 

As  fluids  cool,  they  contract  steadily  until  they  become  solid, 
except  in  a  few  remarkable  cases.  We  find  that  water  contracts 
only  to  39|°  F. ;  it  then  expands  and  becomes  enlarged  by  |th  its 
bulk  before  freezing.  The  type  metal  used  in  casting  letters  and 
cast  iron  has  the  same  property.  The  temperature  at  which 
this  anomalous  expansion  takes  place,  is  called  the  "  point  of 
maximum  density"  It  occurs  in  fluids  which  crystalize  as  they 
solidify,  and  is  commonly  attributed  to  a  change  in  the  molecules 
when  they  are  about  to  take  on  the  symmetrical  adjustment  of  a 
crystal.  It  is  a  phenomenon  of  great  importance  in  nature,  for  did 
not  water  expand  in  being  converted  into  ice,  that  body  would 
sink  to  the  beds  of  rivers  and  seas,  and  in  consequence  of  the 
poor  conducting  power  of  water  for  heat,  it  could  not  be  thawed 
during  the  hottest  summers  in  a  deep  river,  so  that  the  water- 
courses would  be  obstructed,  life  destroyed,  and  an  injurious  in- 
fluence exerted  on  climate. 

The  expansion  of  fluids  alters  their  specific  gravities.  If  a 
measure  accurately  full  at  40°  F.  contain  1000  grains  of  water, 
and  it  be  heated  to  100  F.,  in  consequence  of  expansion,  a  portion 
will  flow  out  leaving  the  vessel  fall,  but  containing  only  985  grains; 
hence  the  fluid  will  be  lighter  than  at  40°  F.     It  is,  therefore, 
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necessary,  to  insure  accuracy,  that  the  temperature  of  a  fluid,  and 
especially  a  gas,  should  he  given  when  we  are  treating  of  its  bulk. 
The  principal  use  made  of  the  expansion  of  fluids  in  the  arts 
is  in  the  construction  of  the  thermometer,  but  it  might  also  be 
employed  as  a  mechanical  force. 

The  thermometer  is  employed  to  mark  variations  in  tempera- 
ture, to  determine  questions  in  meteorology  and  chemistry,  and 
is  useful  in  regulating  the  temperature  of  the  air  in  the  sick  chamber, 
and  of  baths.     The  mercurial  thermometer  is  almost  exclusively 
employed  in  this  climate  ;   its  principal  advantages  are  the  large 
range  of  temperature  which  may  be  measured  by  it,  from  39  de- 
grees below  zero  to  662°  F ;   the  mercury  also  expands  more 
regularly  at  high  temperatures  than  other  fluids.     Thermometers 
are  also  filled  with  colored  alcohol  and  sulphuric  acid.     This  in- 
strument consists  of  a  glass  tube  of  fine  and  regular  bore,  at  one 
end  of  which  is  a  small  bulb.   When  it  is  partially  filled  with  mer- 
cury, the  fluid  is  heated  until  it  rises  to  the  top  of  the  tube,  which 
is  then  sealed  by  melting  the  glass  with  a  blow-pipe  flame.     It 
contains   only  the  fluid  by  the  expansion  of  which  we  measure 
temperature,  and  is  free  from  air.     To  this  is  next  to  be  attached 
a  scale  for  marking  the  expansion  and  degree  of  heat  which  it  cor- 
responds to,  but  as  there  is  no  rule  in  nature,  any'one  may  con- 
trive a  scale.     The   instrument   is   represented   in 
fig.  2.     We  have  the  scales  of  Fahrenheit,  Reaumur, 
De  Lisle  and  the  Centigrade.     The  Centigrade   and 
Fahrenheit  are   now  almost  exclusively  employed. 
To  make  these,  the  glass  bulbs  are  first  placed  in 
thawing  ice,  and  a  mark  made  at  the  point  where  the 
fluid  rests ;  they  are  afterwards  exposed   to  boiling 
water,  and  a  mark  made  here  also.     The  thawing  of 
ice  and  boiling  of  water  always  take  place  at  fixed 
temperatures,    at    the   sea  level,  and    are    therefore 
standards.  In  Fahrenheit's  scale,  the  thawing  point  is 
marked  32°,  and  the  boiling  212°  F.     In  the  Centi- 
grade, the  first  is  marked  0°  C,  or  zero  Centigrade, 
and  the  second  100°  C.    This  scale  contains  only  100 
degrees  between  the  two  points.     Fahrenheit's  scale 
has    180°    between  them.     The   distance   between 
these  stationary  marks  is  now  divided  on  a  piece  of 
metal,  wood,  ivory  or  convenient  material,  and  at- 
tached to   the  glass.     For  degrees  above  or  below 
these  points  marks  are  made  of  the  same  value,  or,  if 
we  are  very  particular,  other  stationary  points  are 
ascertained  and  marked  on  the  scale.     These  are  the 
boiling  points  of  mercury,  662°  F.,  pure  ether  90° 
F.,  or   alcohol  173°  F. ;    and  the  temperatures  of 
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artificial  mixtures  of  snow,  and  various  proportions  of  salt  and 
other  substances  are  also  employed.  Authors  usually  express 
the  scale  they  allude  to  by  affixing  the  letters  F.  for  Fahren- 
heit; C.  for  Centigrade,  and  R.  for  Reaumur;  the  sign  of  — 
(minus)  is  also  employed  for  temperatures  below  the  0  or  zero, 
and  sometimes  -f  (plus)  for  those  above. 

It  is  often  necessary  to  convert  the  measures  of  Centigrade 
into  those  of  Fahrenheit,  and  the  reverse.  To  convert  Centigrade 
into  Fahrenheit,  we  multiply  by  9  and  divide  by  5,  and  add  32,  if 
the  degree  be  above  0.  For  as  100°  C.  =  180°  F.  ::  1°  C.  = 
-fth  F.  or  nearly  two  degrees.  To  convert  Fahrenheit  into  Centi- 
grade, multiply  by  5  and  divide  by  9,  subtracting  32  for  tempe- 
ratures above  zero.  In  the  scale  of  Reaumur,  there  are  but  80° 
R.  between  the  boiling  and  freezing  of  water  (0°)  ;  this  scale  is 
therefore  converted  into  Fahrenheit  by  multiplying  by  9,  dividing 
by  4,  and  adding  32°  as  before. 

Expansion  in  Gases. — Gases  and  vapors,  at  temperatures  re- 
mote from  their  points  of  liquefaction,  expand  to  a  remarkable 
extent  by  the  application  of  heat.  In  consequence  of  the  feeble 
cohesion  they  possess,  this  expansion  is  nearly  the  same  for  all.  It 
is  about  4iotn  °f  the  volume  at  0  F.,  or  ^d  of  the  volume  at  32° 
F.  Moreover,  the  rate  of  expansion  is  nearly  uniform  at  all  tem- 
peratures, and  whether  the  body  be  subject  to  condensation  or  not. 
In  consequence  of  the  great  expansion  of  aeriform  matter,  460° 
F.  of  heat,  increasing  one  cubic  inch  to  two  cubic  inches,  their 
specific  gravity  is  continually  subject  to  variation.  Heated  air 
being  lighter,  rises  as  we  observe  in  chimneys.  This  property 
of  air  is  the  cause  of  the  disturbances  in  the  atmosphere,  called 
winds,  and  is  also  the  principle  whereby  ventilation  is  accom- 
plished. For  this  purpose  all  that  is  necessary,  is  to  provide 
egress  for  the  heated  air  in  the  upper  part  of  the  room,  to  which 
it  naturally  rises,  and  regulate  the  supply  of  fresh  air  below. 

Hot  air  having  a  great  ascensional  power 
from  its  diminished  specific  gravity,  was 
first  used  in  balloons,  by  Montgolfier,  in 
1782. 

In  consequence  of  its  rapid  dilatation,  it 
was  employed  to  form  thermometers  by  Ga- 
lileo and  Sanctorio.  Such  instruments  are 
of  no  use  from  the  varying  pressure  of  the 
air  which  acts  on  the  volume  of  the  gas 
also.  Hence  the  rise  or  fall  in  the  air 
thermometer,  arises  both  from  changes  in 
heat,  and  in  the  pressure  of  the  air.  Leslie's 
differential  thermometer  (fig.  3)  having  the 
iluid  entirely  separated  from  the  atmosphere, 


Fig.  3. 
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is  not  subject  to  this  disturbance,  but  can  only  be  made  use  of  in 
particular  cases,  not  being  serviceable  as  a  general  thermometer. 

Liebig  conceives  that  the  difference  in  activity,  between  the 
inhabitants  of  temperate  and  torrid  localities,  depends  upon  the 
different  weights  of  air,  especially  oxygen,  in  equal  bulks  of  the 
atmosphere.  As  the  capacity  of  the  lungs  will  be  the  same,  he 
urges  that  the  quantity  of  oxygen  entering  to  aerate  the  blood,  will 
be  less  in  the  torrid  zone,  overlooking  the  fact  that  the  temperature 
of  the  interior  of  the  body  will  be  nearly  similar  in  both  situations. 


§  2.    RADIATION. 

When  a  hot  body  is  brought  into  a  room,  we  find  that  the  heat 
is  sent  forth  in  all  directions.  If  a  thermometer  be  employed  to 
measure  the  heat  thus  passing  out,  it  will  be  found  that  the  degree 
will  vary  with  the  distance,  being  inversely  as  the  square  of  the 
distance,  and  that  the  temperature  will  be  the  same  at  equal  dis- 
tances around  the  mass.  From  these  facts  we  infer  that  the 
heated  body  is  a  centre  of  force  from  which  an  impression  is  pro- 
pagated in  spherical  waves.  The  sun  is  a  brilliant  instance  of 
this  sort  of  radiation.  The  word  radiation  was  originally  intro- 
duced in  connection  with  the  hypothesis,  that  heat  and  light  were 
molecules  passing  off  in  straight  lines  called  rays.  The  influence 
is  not  on  the  particles  of  air,  for  radiation  takes  place  through  a 
vacuum,  and  iii  the  interplanetary  spaces  which  contain  no  air, 
it  is  an  affection  of  the  universal  ether,  the  particles  of  which 
being  thrown  into  vibrations,  produce  a  wave.  This  kind  of  ra- 
diation, distinguished  by  the  term  free  radiation,  takes  place 
chiefly  in  gases,  and  occurs  in  them  without  heating  their  particles. 
But  as  ether  exists  everywhere,  a  heated  body  produces  undula- 
tions in  fluids  and  solids  also,  therefore  radiation  occurs  in  these; 
but  it  is  not  a  vibration  of  the  ethereal  particles  only,  but  of  the 
material  atoms  also,  and  the  body  becomes  heated  and  of  less 
specific  gravity.     Radiation  is  divided  into  three  parts  : 

1.  Free  Radiation. 

2.  Interstitial  Radiation  or  Conduction. 

3.  Convection  of  heat. 

Free  Radiation. — Every  heated  body  produces  free  radiation, 
but  substances  appear  to  differ  in  the  rapidity  with  which  the  heat 
is  thrown  out.  It  was  stated  by  Leslie,  that  the  facility  of  radia- 
tion depended  upon  the  nature  of  the  body,  and  upon  the  surface  ; 
and  that  when  it  was  black,  or  of  a  dark  color,  or  rough,  it  radiated 
faster  than  when  bright,  or  of  a  light  color. 

Melloni  concludes  that  hammering  a  surface  alters  its  emissive 
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power,  but  that  mere  color  cannot  be  said  to  do  so.  Scratching; 
a  hard  surface  also  hastens  radiation,  by  offering  more  points  ot 
departure  for  the  radiations,  but  scratching  a  soft  surface  impedes 
it  In  connection  with  this  difference,  is  the  reverse  quality  ot 
absorbing  heat,  or  the  facility  with  which  a  body  becomes  warm- 
ed. As  might  be  inferred,  good  radiators,  as  coal,  lamp-black, 
plumbago,  are  also  remarkable  absorbers  of  heat,  or  become  ra- 
pidly warmed. 

The  radiation  is  much  faster  from  a  substance  at  a  high  tem- 
perature than  at  a  low  one,  or,  in  other  words,  the  rate  of  cooling 
is  much  faster  at  high  temperatures  than  when  the  substance  is 
but  slightly  heated. 

When  the  least  deviation  in  temperature  exists  between  bodies, 
the  operation  of  radiation  comes  into  play,  and  as  from  a  variety 
of  causes,  changes  of  temperature  are  perpetually  occurring,  it  is 
customary  to  admit  that  interchange  of  heat  by  radiation  is  con- 
tinually taking  place.  This  position  constitutes  the  ground  of 
the  "theory  of  the  exchanges  of  heat,"  and  offers  an  explana- 
tion of  the  fact  that  there  is  a  constant  effort  in  bodies  and  all 
masses,  whether  of  the  earth  or  planets,  to  reach  an  equilibrium 
of  temperature.  The  formation  of  dew  in  the  evenings  of  sum- 
mer, was  explained  by  Dr.  Wells  on  this  hypothesis.  It  occurs 
only  on  clear,  calm  evenings,  for  it  is  necessary  that  the  earth 
should  be  chilled  by  radiation  to  cause  the  moisture  of  the  air  to 
fall  to  its  surface ;  and  it  does  not  take  place  when  there  are 
clouds,  for  these  radiating  back  to  the  earth,  hinder  the  necessary 
refrigeration. 

The  propagation  of  radiant  heat  is,  according  to  the  undulatory 
theory,  accomplished  by  extremely  minute  waves  set  up  by  the 
vibrations  of  the  ether,  in  the  same  way  as  the  motion  of  a  vio- 
lin string  produces  waves  in  the  air,  and  the  phenomenon  of  sound. 
These  waves  do  not  much  exceed  those  of  light  in  dimensions, 
for  they  move  with  them,  and  they  pass  probably  with  the  same 
velocity  of  195,000  miles  in  a  second  of  time.  Nor  do  these 
agents  resemble  one  another  in  such  points  only,  but  in  nearly 
all  their  properties,  differing  in  their  effects  and  relations  to  matter 
chiefly.  Thus  we  find  that  radiant  heat,  like  light,  is  reflected 
by  some  bodies,  refracted  by  others,  that  it  may  become  absorbed 
like  light  falling  on  a  black  uneven  surface,  and  that  it  also  ex- 
hibits the  phenomena  of  polarization.  In  their  origin  they  are 
also  closely  associated,  for  light  is  seldom,  if  ever,  emitted  by 
bodies  without  heat.  There  is  also  an  intimate  relation  between 
the  temperature  of  a  body  and  the  color  of  the  light  which  it 
throws  out,  as  the  heat  rises,  the  light  becoming  developed. 

Reflection  of  Heat. — The  undulations  of  heat  or  light  falling 
on  a  polished  surface,  have  their  course  changed.     This  may  be 
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demonstrated  by  holding  a  mirror  before  a  fire  so  that  the  light 
is  reflected  on  one's  face ;  it  will  be  found  that  heat  passes  with 
it.  If  the  polished  surface  be  plane,  the  direction  is  merely- 
changed.  The  change  of  direction  is  according  to  a  simple  law, 
which  also  applies  to  light  and  all  kinds  of  motion;  the  angle 
formed  by  the  coming  or  incident  light,  or  heat  with  a  line  per- 
pendicular to  the  reflecting  surface,  is  the  same  as  the  angle  formed 
by  the  same  line  with  the  receding  or  reflected  ray.  In  figure 
4,  a  is  a  plane  metallic  mirror,  b'  is  a 
line  perpendicular  to  its  face,  c  is  the 
direction  of  the  incident  ray,  and  d  is 
the  new  path  of  the  reflected  ray.  Now, 
according  to  the  law,  the  angle  formed 
between  the  ray  c  and  the  line  b\  is  the 
same  as  that  between  d  and  &'.  This 
holds  true  for  every  reflecting  surface. 
If  it  be  curved  as  in  a  b,  (Fig.  5,)  the 
light  and  heat  will  not  be  merely  dis- 
persed, but  collected  into  a  point;  for,  let  c  d  be  two  rays  striking 
the  surface,  let  g  z  be  lines  repre- 
senting perpendiculars  at  the  points 
where  the  rays  fall,  therefore  the  di- 
rection of  the  reflected  rays  I  in  will 
be  such  that  the  incident  rays  form 
the  same  angle  with  the  perpendiculars 
as  these  do.  If  we  draw  out  the  di- 
rection of  the  rays,  under  such  cir- 
cumstances, we  find  that  when  they 
are  parallel,  they  will  be  reflected  to  a 
point.     When  the  agent  is  light,  this 
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point  will  be  brilliantly  illuminated;  when  heat  it  will  be  very 
hot,  because  the  heat  of  a  number  of  rays  js  here  condensed. 
This  point  is  termed  the  focus  of  the  mirror.  If  the  curve  be 
convex,  or  the  reverse  of  the  foregoing,  which  is  concave,  the 
heat  will  be  dispersed,  and  not  come  to  any  focus.  The  action 
of  concave  mirrors  on  heat  is  beautifully  illustrated  by  setting  up 
two  mirrors  opposite  each  other,  (Fig.  6,)  placing  in  the  focal 
point  of  one  a  red  hot  coal,  or  ball  of  iron,  and  in  the  focus  of 
the  other  a  little  phosphorus,  which  will  be  speedily  ignited  by 
radiations  from  the  heated  matter. 

The  concave  mirror,  and  especially  that  with  a  parabolic  curve, 
has  been  much  used  in  researches  on  radiation  for  the  purpose 
of  condensing  small  amounts  of  heat,  and  rendering  them  per- 
ceptible to  the  thermometer. 

Transmission  of  Heat. — As  there  are  bodies  which  allow  light 
to  pass  through  them,  and  others  which  do  not,  so  some  substances 
transmit  the  radiations  of  heat,  and  others  obstruct  them.  The 
substances  which  transmit  heat  are  not  necessarily  those  which 
are  transparent.  Hence,  the  term  diathermanous  has  been  used 
to  distinguish  those  which  allow  the  radiation  of  heat  to  pass ; 
and  athermanous,  for  those  which  are  opaque  to  heat.  If  we 
place  a  piece  of  glass  between  a  thermometer  and  the  fire,  it  will 
obstruct  so  much  heat  as  to  cause  a  fall  in  the  mercury ;  but  a 
transparent  piece  of  rock-salt  will  not  cut  off  any  of  the  radiations. 
This  property  of  transmitting  heat  is  not  dependent  on  the  clear- 
ness or  color  of  the  body,  for  perfectly  transparent  alum  or  ice 
cuts  off  nearly  all  the  heat,  being  opaque  to  that  agent,  whilst 
dark  rock  salt,  and  smoky  quartz  or  mica,  allow  a  large  amount 
to  pass. 

Another  extraordinary  fact  has  been  discovered  by  M.  Melloni 
in  the  transmission  of  heat.  He  finds  that  the  number  of  rays, 
out  of  a  hundred,  which  pass  through  a  medium,  depends  upon 
the  temperature  of  the  source.  Thus  colorless  fluor  spar  allows 
78  per  cent,  of  the  rays  from  a  heated  source,  as  a  fire  or  oil- 
flame,  to  pass,  and  only  33  from  a  piece  of  metal,  heated  to  212° 
F.  Beryl  allows  54  per  cent,  of  the  former  to  pass,  and  none 
of  the  latter.  In  these  experiments,  he  made  use  of  plates  TVh 
of  an  inch  thick,  and  heat  from  the  undermentioned  sources.  His 
method  of  detecting  heat  was  novel,  and  extremely  delicate.  He 
employed  for  this  purpose,  a  thermo-multiplier,  consisting  of  a 
number  of  small  bars  of  antimony  and  bismuth,  united  in  pairs, 
and  from  the  first  and  last  bars,  were  copper  wires  connected  with 
a  galvanometer.  When  one  end  of  the  thermo-multiplier  was 
heated,  an  electric  or  thermo-electric  current  was  set  in  motion, 
which  affected  the  galvanometer,  and  indicated  the  degree  of  heat. 
The  experiments  are  to  be  found  in  Taylor's  Scientific  Memoirs. 
The  attached  table  gives  the  most  striking  results. 
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From  these  and  other  facts,  it  appears  that  the  radiations  of 
heat,  derived  from  different  sources,  have  unlike  properties. 
Whilst  nearly  all  the  heat  of  the  sun's  rays  penetrates  the  glass 
of  the  window,  scarcely  any  of  the  heat  of  the  fire  passes  out  of 
the  room  through  it.  While  some  bodies,  as  alum,  are  diather- 
manous  to  the  waves  of  heat,  propagated  by  an  oil-lamp,  they  are 
entirely  opaque  to  those  from  boiling  water  or  copper,  at  734°  F. 
Hence  Melloni  infers,  that  there  are  varieties  in  heat,  as  in  light ; 
that  there  are  heat  waves  allied  to  red,  yellow,  green,  blue,  and 
the  other  rays  of  light.  This  is  the  basis  of  the  theory  of  the 
"Ideal  coloration  of  heat."  As  a  matter  of  course,  the  heat  rays 
or  heat  lints,  have  not  color,  but  they  have  different  wave  lengths, 
which,  in  the  case  of  light,  is  the  cause  of  difference  of  color. 
Just  as  a  pure  blue  glass  transmits  only  light  of  that  color,  so  ice 
transmits  only  heat  from  a  very  high  temperature,  cutting  off  the 
rest  by  absorption  or  otherwise. 

This  theory  is  also  sustained  by  the  refraction  and  polarization 
of  heat,  which  associate  this  agent  completely  with  light.  To 
study  the  refraction  of  heat,  clear  rock  salt  is  cut  into  lenses, 
prisms,  &c,  and  used,  as  glasses  of  the  same  figure  are  employed 
in  studying  the  phenomena  of  light.  Polarization  is  accomplished 
by  the  use  of  plates  of  doubly  refracting  minerals. 

Interstitial  Radiation  or  Conduction. — Conduction  has 
been  explained  as  that  case  of  radiation  in  which  the  ether  of  a 
solid  is  not  only  thrown  into  undulations,  by  contact  with  a  heated 
body,  but  the  material  atoms  are  also  acted  on.  In  proof  of  this 
view,  it  may  be  remarked,  that  the  propagation  of  the  heat  is  very 
slow,  the  resistance  being  great,  and  the  parts  of  the  solid  are 
warmed,  and  become  expanded. 

Bodies  conduct  very  unequally,  metals  being  the  best  conduct- 
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ors;  moist  solids  and  fluids  having  but  little  conducting  power, 
whilst  gases  do  not  conduct  at  all.  Metals  also  differ  amongst 
themselves  in  this  property.  Gold,  silver  and  copper,  conduct- 
ing very  nearly  three  times  as  fast  as  iron,  zinc  and  tin,  whilst 
porcelain,  glass  and  fine  clay  have  little  more  than  one-tenth  the 
power  of  gold.  The  unequal  conduct- 
Fig.  7.  ing  power  of  metals  is  strikingly  illus- 
trated by  the  following  little  apparatus 
(Fig.  7) ;  a  is  a  piece  of  copper  about  the 
size  of  a  cent  piece,  suspended  by  a  wire 
or  chain  and  hook  to  any  convenient 
stand  :  c,  d,  e  are  rods  of  silver,  copper 
and  iron,  of  the  same  length  and  thick- 
ness, soldered  into  the  central  plate ; 
these  bear  at  their  ends  cup-shaped 
cavities  to  hold  phosphorus.  When  a 
spirit  lamp  flame  is  placed  under  the 
centre,  the  heat  is  conducted  with  un- 
equal rapidity  to  the  cups,  and  the  phos- 
phorus is  inflamed  in  different  times. 

Convection  of  Heat. — Fluids  and  aeriform  bodies  are  heated 
chiefly  by  currents  arising  in  them.  The  water  occupying  the 
lower  portion  of  a  vessel,  placed  on  a  fire,  becomes  heated  be- 
fore the  parts  above  it  are  warmed;  in  consequence,  it  dilates  and 
rises  through  the  fluid;  thus  a  current  is  set  up  which  conveys 
the  heat.  The  current  of  heated  water  may  be  made  apparent 
by  placing'pieces  of  amber  in  the  fluid,  which  rise  with  the  heated 
portions.  As  the  strata  become  cooled  at  the  surface,  they  de- 
scend, and  become  again  heated;  thus  the  circulation  is  main- 
tained. A  vessel  of  water  cannot  be  heated  by  applying  the  fire 
above,  or  at  the  side,  whereas  metals  and  conductors  may  be 
heated  by  any  of  these  means.  In  the  case  of  gases,  the  dila- 
tation produced  by  heat  is  so  great  that  it  floats  up  with  consid- 
erable force.  Winds  originate  in  this  way  ;  a  bulk  of  air  being 
heated  by  contact  with  the  earth,  rises,  and  cold  air  rushes  in  to 
fill  the  void,  and  the  disturbance  is  communicated  on  all  sides. 
The  temperature  of  the  air  does  not  arise  from  the  action  of 
radiant  heat,  but  by  convection  only.  This,  in  a  measure,  ex- 
plains the  reason  of  the  extreme  coldness  of  mountain  tops,  and 
elevations  in  the  air  to  which  the  warmed  masses  scarcely  reach. 
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§    3.    SPECIFIC  HEAT. 

The  term  specific  heat  or  capacity  for  heat  is  employed  to  ex- 
press the  singular  fact  that  the  rapidity  with  which  equal  weights 
of  different  substances  become  heated  is  very  diverse.  That  is,  a 
pound  of  quicksilver,  of  water,  and  of  oil,  being  placed  in  simi- 
lar vessels  over  the  same  fire,  the  first  will  become  heated  to  200° 
F.,  or  any  practicable  degree,  thirty  times  sooner  than  the  water, 
and  fifteen  times  sooner  than  the  oil.  The  specific  heats  of  these 
bodies  are,  therefore,  to  each  other  as  1-15  and  30,  or  the  specific 
heat  (or  capacity  for  heat)  of  water  is  thirty  times  greater  than 
that  of  mercury. 

It  follows  from  this  remarkable  difference,  that  if  one  pound  of 
oil,  at  100°  F.,be  shaken  with  one  pound  of  water  at  40°,  instead 
of  the  temperature  of  the  two  being  the  mean,  it  will  be  but  60° 
F. ;  and  if  the  water  be  the  warmer,  it  will  rise  to  80°  F. ;  the 
mean  produced  by  taking  two  different  pounds  of  water  at  the 
same  temperatures,  being  70°  F.  In  the  first  case,  the  oil 
loses  40  degrees  and  the  water  gains  20,  or  the  temperature 
which  imparts  40  degrees  of  heat  to  oil  is  only  competent  to 
elevate  an  equal  weight  of  water  20  degrees.  By  mixing  equal 
weights  of  different  substances  at  known  temperatures  with  water, 
and  observing  the  resulting  degrees,  the  specific  heats  may  be  de- 
termined as  referred  to  water. 

The  length  of  time  during  which  substances  heated  to  the 
same  point,  cool  to  a  given  degree,  may  also  be  employed  to  de- 
termine their  capacities,  for  it  is  obvious  that  as  water  takes  thirty 
times  as  long  as  quicksilver  to  become  heated,  it  will  take  longer 
to  cool.  Lavoisier  and  Laplace  determined  the  capacities  of 
bodies  at  the  same  temperature,  by  measuring  the  quantity  of  ice 
that  they  would  thaw  when  introduced  into  a  vessel  containing  it, 
called  the  calorimeter. 

Water  has  the  highest  specific  heat  of  all  known  substances, 
and  if  we  take  it  at  1000,  that  of  alcohol  will  be  6G0 ;  sulphuric 
acid  333  ;  ether  520;  mercury  33  ;  iron  114;  copper  95  ;  gold 
32  ;  glass  179. 

These  numbers  are  true  only  below  212°  F.,  the  specific 
heat  increasing  with  the  temperature  and  rarefaction  in  all  classes 
of  bodies. 

In  the  case  of  gases,  air  is  taken  as  the  standard  and  made  1  or 
1000.  By  the  experiments  of  Apjohn,  the  specific  heat  of  oxygen 
is  808;  nitrogen  1048;  hydrogen  1459;  carbonic  acid  1195; 
vapor  of  water  3172.  But  the  specific  heat  is  much  increased  if 
these  gases  be  heated  or  rarefied  by  a  diminution  of  pressure. 
On  the  other  hand,  it  is  diminished  under  increased  pressures. 

3* 
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Dr.  Black,  in  explaining  the  phenomena  now  under  considera- 
tion, conceived  that  different  substances  absorbed  unlike  quantities 
of  heat,  or  had  different  capacities  by  reason  of  their  porous 
structure.  Such  an  explanation  is  not  now  admissible,  but  the 
subject  is  little  understood.  There  appears  to  be,  however  a 
close  connection  between  the  specific  heat  of  a  substance  and  the 
chemical  power  of  its  atoms.  For  we  find  that  if  the  specific 
heat  be  made  the  divisor  of  a  constant  number  for  a  similar  class 
of  substances,  a  product  is  obtained  that  often  represents  the 
chemical  equivalent  of  the  body.  And  again  we  find  that  in  sub- 
stances of  the  same  chemical  class,  the  specific  heats  are  in  an 
inverse  ratio  to  the  equivalents,  or  to  some  multiple  of  them. 

It  is  in  this  relation  of  heat  to  the  weights  of  the  molecules, 
that  we  are  to  search  for  the  cause  of  the  difference  of  bodies  in 
their  capacities  for  heat,  but  too  little  is  known  of  the  subject  to 
permit  us  to  enter  upon  it  in  an  elementary  work.  It  may,  how- 
ever, be  proper  to  remark  that  the  question  refers  to  the  amount 
of  heat  operating,  rather  than  to  its  intensity. 


§  4.    LATENT  HEAT. 

The  term  latent  heat  has  been  introduced  into  thermotics  to 
signify  that,  under  certain  circumstances,  the  heat  applied  to  a 
body  becomes  insensible  or  latent.  Under  ordinary  circumstances, 
if  we  place  a  substance  over  a  fire,  it  becomes  warm,  and  the  in- 
crease of  temperature  can  be  measured  by  the  thermometer  or 
by  the  sense  of  touch ;  here  the  added  heat  is  sensible  or  free  : 
but  if  a  piece  of  ice  be  placed  in  a  vessel  over  the  fire,  it  does  not 
become  heated,  but  merely  thaws,  remaining  at  the  same  tempe- 
rature so  long  as  any  ice  is  present.  The  heat  in  this  case  was 
said  by  Dr.  Black  and  his  followers  to  become  latent  or  hidden 
in  the  produced  water.  It  has  also  been  termed  the  heat  of  fluid- 
ity, because  it  is  occupied  in  producing  a  remarkable  change  from 
the  solid  to  the  fluid  state.  All  solids,  in  passing  into  the  state  of 
liquids,  absorb  a  portion  of  heat,  but  not  the  same  amount  in  every 
instance.  Liquids,  in  becoming  vapors,  likewise  render  heat  latent, 
and  this  is  termed  the  heat  of  vaporization,  or  the  "heat  of  elas- 
ticity.'''' 

On  the  other  hand,  whenever  the  vapor  returns  to  the  state  of 
a  liquid,  or  is  condensed,  this  heat  reappears ;  ceasing  to  be  hidden, 
it  returns  to  the  sensible  state.  So  when  the  fluid  becomes  solidi- 
fied, the  heat  of  liquefaction  is  given  out,  or  becomes  manifest  or 
free. 

According  to  the  doctrine  of  Dr.  Black  and  the  molecular 
theory  of  heat,  these  phenomena  were  readily  explained,  for  it 
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was  said  that  the  heat  combined  chemically  with  the  solid  to 
convert  it  into  a  fluid,  and  was  therefore  no  longer  possessed  of 
its  ordinary  activity;  in  the  same  way  that  caustic  potash  unit- 
ing with  vinegar,  there  is  produced  a  mild  saline  body  having 
none  of  the  acridity  of  the  potash.  It  is  not  a  simple  thing  to 
explain  the  disappearance  of  the  heat  according  to  the  undulatory 
theory,  but  it  is  to  be  observed  that  a  result  is  attained  requiring 
the  action  of  considerable  force,  that  is,  the  production  of  a  vapor 
from  a  fluid,  or  a  liquid  from  a  solid.  In  these  cases,  the  result- 
ing substance  occupies  much  more  space,  and  the  state  of  its 
molecules  is  widely  different.  To  attain  these  results,  the  cohe- 
sive force  of  the  solid  or  liquid  must  be  overcome,  and,  in  the 
case  of  vapors,  nearly  destroyed ;  and  we  presume  that  the  force 
termed  heat  is  operating  as  an  antagonist  to  cohesion,  and,  there- 
fore, neutralized,  and  without  the  power  of  affecting  circumam- 
bient matter.* 

The  important  facts  pertaining  to  this  topic  will  be  grouped 
under  three  heads:  1st,  liquefaction  of  solids;  2d,  ebullition;  3d, 
vaporization. 

f  Liquefaction  of  Solids. — The  form  of  a  liquid  depends  upon 
the  heat  operating  on  its  molecules,  or  latent  in  its  texture.  Hence 
all  fluids  possess  latent  heat;  but  the  amount  and  the  temperature 
at  which  they  pass  from  the  solid  state  differ  amongst  them. 
Thus  mercury  liquefies  at  — 39°;  oil  of  turpentine  at  +14°; 
sulphuric  acid  — 47°;  water  -J- 32°;  phosphorus  +108°  ;  sul- 
phur +  218°;  silver  +1872°;  gold  +2200°  F.  The  number 
of  degrees  of  latent  heat  necessary  to  produce  the  state  of  fluidity, 
is  not  so  well  known,  but  has  been  determined  for  water  at  142°  ; 
sulphur  145°  ;  tin  500°  ;  bismuth  550°  ;  zinc  493°  F.  In  these 
cases  the  degrees  of  temperature  represent   the  amounts  of  heat 

*  Judging  from  the  phenomena  of  electricity  and  light,  it  is  also  proper  to 
conceive  that  the  difference  between  the  liquid,  solid  and  vaporous  status  of 
matter,  may  consist  in  the  relations  of  the  sides  of  the  molecules  constituting 
them.  Thus,  adopting  the  usual  hypothesis  that  these  atoms  arc  spherical,  it 
is  customary  in  electricity  and  light  to  conceive  that  they  are  endowed  with 
axes,  the  poles  or  extremities  of  which  have  different  properties.  Thus 
when  unlike  poles  are  opposite,  attraction  takes  place;  when  like  poles,  re- 
pulsion. Now  we  may  conceive  that  the  heat  rendered  latent  is  a  force  em- 
ployed exclusively  in  effecting  the  polar  states  of  these  atoms,  exercising  to- 
wards them  an  effect  of  pressure.  And  this  view  is  the  more  plausible,  from 
the  fact  that  the  effect  ceases  if  we  withdraw  the  heat,  and  that  an  electrical 
disturbance  is  always  manifest  in  these  cases.  According  to  these  remarks,  it 
is  inferred  that  latent  heat  is  not  a  variety  of  caloric,  but  only  that  agent  em- 
ployed in  inducing  polarity  or  a  state  of  pressure,  and  hence  it  cannot  propa- 
gate its  usual  disturbance  beyond  the  limits  of  the  affected  bodies,  and  also 
that  when  the  external  temperature  is  removed,  the  particles  return  to  their 
former  state,  the  disturbance  of  the  molecules  affecting  the  ether,  and  setting 
up  the  undulations  which  constitute  free,  sensible,  or  manifest  caloric. 
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which  would  elevate  the  substances  respectively  through  the  mea- 
sures given.  Ice,  when  becoming  water,  absorbs  142°  of  heat 
before  it  is  completely  liquefied,  and  this  amount  would  serve  to 
raise  an  equal  weight  of  water  from  32°  to  174°  F.  Tin  absorbs 
500  degrees,  or  such  an  amount  as  would  raise  that  substance,  if 
it  were  not  liquefying,  500°  F.  without  reference  to  its  action  on 
water.  The  distinction  will  appear,  by  referring  to  the  subject 
of  special  heat,  where  it  will  be  found  that  the  amount  of  heat 
necessary  to  warm  water  and  other  bodies  to  the  same  degree,  is 
very  different.  The  heat  of  liquefaction  measured  by  that  of 
water,  is  as  follows: — Water  142°;  sulphur  27.14;  bismuth  23.25; 
zinc  48.3.  Hence  the  latent  heat  of  water  is  much  higher 
than  that  of  any  other  known  substance. 

The  temperature  at  which  liquefaction  takes  place,  is  a  fixed 
point.  The  thawing  of  water  is  rigorously  at  32°  F.,  that  tem- 
perature being  maintained  during  the  whole  period.  But  the 
point  of  freezing  or  solidification  may  be  slightly  varied  under 
certain  circumstances.  It  has  been  found  that  water  may  be  cooled 
to  25°  F.,  if  kept  perfectly  still. 

The  determination  of  the  heat  of  fluidity  in  any  substance  is 
effected  by  taking  equal  weights  of  the  liquid  and  the  solid,  at 
the  point  of  liquefaction,  and  observing  the  action  of  a  similar 
and  steady  source  of  heat.  Thus  if  water  and  ice  at  32°  F. 
be  taken,  it  will  be  found  that  when  the  ice  is  completely  thawed, 
and  the  resulting  liquid  at  32°  F.,  the  water  will  have  reached  the 
temperature  of  174°  F.,  or  have  gained  142°,  which  have  been 
rendered  latent  in  the  ice.  So  an  equal  weight  of  sulphur  at 
218°  F.,  or  the  point  of  liquefaction,  remained  without  alteration 
of  temperature,  while  fluid  sulphur  had  passed  from  218  to  363° 
F.,  or  acquired  an  increase  of  145  degrees  ;  which,  therefore,  cor- 
responds to  the  latent  heat  of  fluid  sulphur.  It  may  also  be  de- 
termined by  mixing  the  solid  and  fluid  together  at  different  tem- 
peratures, and  marking  the  loss  of  heat. 

All  liquids,  in  passing  into  the  state  of  solids,  give  out  their 
heat  of  fluidity.  Water  in  freezing  throws  out  142°  F.,  but  this 
is  not  suddenly  liberated,  but  produced  slowly,  for  the  substance 
takes  a  long  time  to  solidify,  in  consequence  of  the  presence  of 
so  much  latent  heat. 

The  temperature  of  northern  climates  is  considerably  amelio- 
rated by  this  property  of  water,  for,  on  the  approach  of  winter, 
it  is  only  slowly  solidified,  throwing  out  heat  in  the  act.  In 
spring,  instead  of  the  frightful  inundations  which  would  arise  from 
the  instantaneous  change  of  the  ice  and  snow  into  water,  it  takes 
place  very  gradually,  thus  regulating  the  transition  from  winter  to 
spring  which  would  otherwise  be  injurious  to  vegetation. 

The  preparation  of  refrigerating  mixtures  depends  upon  the 
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disappearance  of  heat  when  solids  are  suddenly  liquefied.  Mr. 
Walker  prepared  some  time  since  an  extensive  table,  in  which 
are  combinations  for  the  purpose  of  reducing  the  temperature  to — 
91°  F.*  Some  of  these  mixtures  are  useful  in  the  arts  and  to 
the  surgeon.  One  part  of  snow  with  two  parts  by  weight  of 
salt,  produces  a  reduction  of  temperature  to  5°  F.  Equal  parts 
of  nitrate  of  ammonia  and  water  reduce  the  temperature  from 
50°  to  4°  F. ;  this  arises  from  the  rapid  solution  of  the  salt,  and 
may  be  used  as  an  application  to  the  skin  when  ice  is  not  at 
hand.  The  solution  of  sal  ammoniac  (chloride  of  ammonium),  or 
common  nitre  (nitrate  of  potash),  furnishes  a  sufficient  depression 
of  heat  to  be  useful  in  surgery. 

Ebullition. — A  fluid  urged  by  heat,  at  first  expands  and  throws 
off  a  considerable  amount  of  vapor,  and  finally  enters  into  a  state 
of  rapid  commotion,  termed  boiling,  or  ebullition.  The  disturb- 
ance in  the  fluid  arises  from  the  rapid  passage  of  bubbles  of  va- 
por through  it,  the  heat  being  expanded  in  producing  vapor,  and 
no  longer  warming  the  fluid. 

The  boiling  point,  under  ordinary  circumstances,  is  fixed  for 
the  same  fluid,  but  is  widely  different  in  various  liquids.  Water 
boils  at  212°  F. ;  ether  96°;  alcohol  173°;  oil  of  turpentine 
315°;  mercury  660°;  sulphuric  acid  620°;  whale  oil  630°  F. 

It  is  remarkably  subject  to  disturbance  from  pressure.  For  if 
we  place  a  vessel  containing  hot  water  under  the  air  pump,  and 
exhaust  the  air,  its  pressure  being  diminished,  the  fluid  throws  off 
vapor  rapidly  and  appears  to  boil  at  temperatures  proportional  to 
the  rarefaction,  and  may  even  boil  at  67°  F.  or  145°  F.  below 
the  point  at  the  external  pressure  of  30  inches  of  the  barometer. 
This  reduction  is  entirely  dependent  on  the  physical  impediment 
presented  by  the  weight  of  the  air  ;  for  alcohol  placed  in  vacuo 
has  its  boiling  temperature  also  reduced  145  degrees,  or  from 
173°  F.  to  28°  F. ;  more  volatile  fluids  flash  off  into  vapor 
under  the  same  circumstances.  As  it  has  been  long  known  that 
the  pressure  of  the  atmosphere  diminishes  rapidly  as  we  ascend 
high  mountains  or  in  balloons,  it  became  an  interesting  matter  to 
observe  the  effect  on  boiling.  It  has  been  found  that  water  boils 
on  the  summit  of  Mont  Blanc  at  184°,  and  at  Quito  at  196°  F., 
the  depression  of  this  point  being  for  small  elevations  equal  to 
one  degree  for  about  530  feet  of  elevation.  The  singular  expe- 
riment called  the  culinary  paradox,  also  demonstrates  that  the 
boiling  point  of  fluids  is  remarkably  influenced  by  diminished 
pressure.  It  is  thus  made:  a  flask  of  thin  glass  is  one  third  filled 
with  water  and  placed  over  a  spirit  lamp,  until  it  boils  violently, 

*  These  tables  are  to  be  found  in  the  larger  treatises  on  chemistry,  or  in 
Gardners  Medical  Dictionary,  article  Freezing  mixture. 
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so  as  to  fill  the  upper  part  of  the  vessel  with  steam ;  it  is  then  well 
corked  If  it  be  now  allowed  to  stand  some  time,  and  then  the 
upper  part  touched  with  a  cold  body  so  as  to  condense  the  vapor 
of  water  which  fills  it,  this  action  will  reduce  the  pressure  on  the 
liquid,  and  throw  it  into  ebullition,  although  the  temperature  may 
be  reduced  below  100°  F. 

The  reverse  of  this  position  is  equally  true.  Fluids  have  their 
boiling  points  increased  by  pressure,  but  the  law  of  increment  is 
unknown ;  but  it  becomes  less  and  less  as  the  pressure  rises. 
Water  boils  at  212°  at  the  ordinary  atmospheric  pressure  ;  under 
the  pressure  of  two  atmospheres,  it  boils  at  250°,  under  3  atm. 
275°;  4  atm.  294°;  12  atm.  374°;  and  under  50  atmospheres, 
510°  F.  The  difference  between  1  and  2  being  38  degrees,  be- 
tween 3  and  4  atmospheres  but  19  degrees,  and  between  40  and 
50  atmospheres  only  24  degrees,  or  little  more  than  2  degrees 
between  each  atmosphere  at  this  high  temperature.  As  the  steam 
produced  is  at  the  pressure  to  which  the  water  is  subjected,  it 
appears  that  the  power  of  high  pressure  steam  is  obtained  at  a 
very  trifling  expense  over  that  necessary  to  obtain  low  pressure 
steam. 

Vaporization. — Observation  teaches  us  that  vapor  is  rising 
nearly  at  all  temperatures  from  fluids,  and  indeed,  in  some  cases, 
as  ice,  from  solids  also,  and  that  if  it  were  not  for  the  pressure  of 
the  atmosphere,  most  common  fluids  would  be  known  only  as 
vaporous  substances.  It  has  been  shown  that  alcohol  would  boil 
at  28°  F.,  and  water  at  67°  F.  without  this  pressure.  But  with 
the  ordinary  pressure,  it  is  notorious  that  water  evaporates  when 
exposed  to  the  air,  even  at  low  temperatures,  and  a  slight  deposit 
of  snow  often  disappears  without  being  converted  into  water. 
Hence,  evaporation,  or  slow  vaporization  takes  place  in  sub- 
stances susceptible  of  this  change,  nearly  at  all  temperatures,  but 
the  amount  rising  as  vapor  is  proportional  to  the  temperature 
when  there  is  no  impediment  to  the  process.  Heat  is,  therefore, 
as  completely  the  cause  of  vaporization  or  evaporation  at  low 
temperatures,  as  of  boiling,  the  difference  between  these  being 
due  to  the  rapidity  of  the  action  and  degree  of  heat,  and  not  to 
any  specific  causes. 

The  nature  of  Vapor. — There  being  some  popular  errors  on 
this  subject,  it  may  be  well  to  state  what  are  the  peculiarities  of 
vapors.  This  class  of  substances  are  aeriform,  being  perfectly 
clear  and  like  air,  when  they  are  without  color.  They  have  not 
the  appearance  of  a  fog,  as  is  commonly  supposed.  They  oc- 
cupy a  very  much  greater  space  than  the  liquid,  from  which  they 
are  derived  ;  thus,  at  the  boiling  points,  steam  occupies  1G96  times 
the  bulk  of  the  water,  alcohol  519  times,  and  oil  of  turpentine 
192  times.     Vapors  differ  from  gases  in  returning  to  the  liquid 
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condition,  under  the  influence  of  cold  and  pressure ;  this  is  termed 
their  condensation,  during  Avhich,  however,  they  give  out  the  latent 
heat  they  contain. 

Heat  is  rendered  latent  in  the  production  of  Vapor. — There 
is  in  the  case  of  vapor  a  molecular  state,  widely  different  from 
that  of  liquids,  and  for  its  production  heat  must  be  in  every  case 
rendered  latent.  This  is  termed  the  heat  of  elasticity,  from  the 
remarkable  elasticity  of  vapors  and  aeriform  substances.  The 
amount  of  heat  is  usually  considerable;  thus  it  is  found,  as  com- 
pared with  vapor  of  water,  at  1000°;  that  of  vapor  of  alcohol 
will  be  376°;  of  ether  163°;  of  oil  of  turpentine  138°  F.  If 
the  vapor  be  produced  at  a  point  below  boiling,  the  latent  heat  is 
greater,  being  the  amount  at  the  boiling  point  with  the  difference 
between  it  and  the  observed  temperature.  In  the  case  of  water 
evaporating  at  60°  F.,  the  latent  heat  will  be  1000°  F.  plus  the 
temperature  between  60°  and  212,  or,  in  all,  1152  degrees.  There 
is  not,  therefore,  any  gain  of  heat  by  evaporating  a  fluid  at  a  tem- 
perature below  the  boiling  point,  as  was  formerly  supposed,  for 
all  the  difference  of  heat  enters  the  vapor. 

The  amount  of  latent  heat  is  ascertained  by  two  means  ;  either 
by  observing  the  length  of  time  during  which  a  given  weight  of 
fluid  evaporates  away  over  a  constant  source  of  heat ;  or  by 
measuring  the  heat  given  out  in  the  condensation  of  the  vapor  of 
a  known  amount  of  fluid,  in  a  weighed  quantity  of  water.  In 
the  case  of  water,  if  we  place  one  pound  over  such  a  fire,  that  it 
acquires  25  degrees  of  heat  per  minute  below  the  boiling  point, 
it  will  be  found,  that  at  this  degree,  (212°  F.,)  it  becomes  station- 
ary, and  that  40  minutes  will  elapse  before  it  has  all  evaporated. 
During  this  time,  it  has  acquired  its  former  rate  of  increase,  25 
degrees,  all  of  which  has  been  rendered  latent.  Now  the  sum 
of  these  numbers  is  1000  degrees,  which  therefore  represents  the 
heat  rendered  latent  by  steam,  produced  at  212°  F. 

The  reverse  also  holds  true,  for  whenever  a  vapor  passes  back 
into  the  fluid  state,  it  gives  out  an  amount  of  heat  precisely  similar 
to  that  necessary  to  produce  the  vaporization.  In  virtue  of  this 
fact,  vapors  exercise  a  remarkable  ameliorating  influence  on  some 
climates,  as  on  the  shores  of  Newfoundland,  and  the  British  Is- 
lands. In  these  cases,  the  vapors  of  the  gulf  stream  are  con- 
densed on  the  lands,  and  giving  out  their  latent  heat,  warm  the 
air  to  such  an  extent,  as  to  elevate  the  average  temperature  many 
degrees.  Climates  subject  to  this  influence,  are  not  only  mild  as 
respects  temperature,  but  are  remarkably  genial.  The  condensa- 
tion of  vapor  of  water  is  also  employed  as  a  means  of  warming 
large  buildings  and  conservatories.  It  is  in  consequence  of  the 
large  amounts  of  heat  thrown  out  in  condensation,  that  we  are 
compelled  to  resort  to  various  contrivances  to  liquefy  the  products 
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of  distillation.  In  this  process,  the  fluid  is  placed  over  the  fire 
in  a  vessel  of  glass,  earthenware  or  metal,  and  vaporized  by  the 
access  of  heat.  The  vessels  employed  are  termed  stills  when  of 
large  size,  retorts  or  alembics  when  of  smaller  dimensions.  To 
the" vessel  is  adjusted  a  long  tube,  curved  into  the  figure  of  a  helix, 
and  called  the  worm  of  the  still  for  conveying  the  vapor,  and  to 
secure  the  refrigeration,  this  is  placed  in  a  large  vat  through  which 
a  current  of  cold  water  is  continually  flowing.  This  contrivance 
becomes  absolutely  necessary  where  the  amount  of  fluid  subject 
to  distillation  is  large,  otherwise  a  portion  of  the  vapor  would  issue 
uncondensed. 

Liebig  has  introduced  a  portable  condenser  for  the  laboratory, 
where  the  amount  of  fluid  distilled  is  small.  It  consists  of  a 
cylinder  of  tin  or  brass,  in  the  centre  of  which  runs  a  straight 
tube  b,  conveying  the  warm  vapor.  The  cylinder  is  closed  at 
both  ends  in  all  other  respects,  and  when  used,  is  set  at  a  small 


angle  to  the  horizon.  From  the  lowest  end,  arises  a  long  funnel 
c,  by  which  water  can  enter  the  cylinder,  and  its  position  is  such, 
that  the  warmed  portions  only  flow  out,  as  the  escape  tube  (/  is 
at  the  highest  part  of  the  condenser.  The  implement  is  sustained 
by  a  stand,  and  represented  in  figure  8. 

Evaporation  is  a  Cooling-  Process. — Whenever  vapor  is  pro- 
duced, heat  must  be  rendered  latent,  and  abstracted  from  surround- 
ing matter.  If  there  be  not  a  tire  or  other  source  of  heat,  the 
abstraction  of  caloric  will  produce  coldness.  If  the  hand  be 
moistened  with  ether,  which  is  highly  volatile,  a  sensation  of 
coldness  will  be  perceived  in  the  evaporation.  This  may  be  also 
demonstrated  by  dropping  ether  upon  the  bulk  of  an  air  thermo- 
meter, when  the  instrument  will  indicate  a  considerable  fall  of 
temperature. 

The  cryophorus  of  Dr.  Wollaston,  is  an  instrument  designed 
to  illustrate  this  fact  in  the  freezing  of  water,  by  its  own  evapora- 
tion. A  little  concentrated  prussic  acid  will  solidify,  if  exposed 
to  the  air,  in  consequence  of  the  cold  produced  by  the  vaporization 
of  a  part. 

The  cooling  effect  of  evaporation  is  of  considerable  influence 
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in  regulating  climate.  The  shores  of  lakes,  and  moist  countries, 
especially  such  as  abound  in  forests,  being  cooler  than  sandy  and 
dry  countries.  Advantage  is  taken  of  evaporation  by  the  surgeon, 
in  the  treatment  of  fractures  and  some  wounds,  lotions  being 
applied  to  reduce  the  temperature  of  the  parts  by  the  coldness 
they  produce.  The  insensible  perspiration  of  the  human  body 
is  also  intended,  for  the  most  part,  to  reduce  the  animal  heat, 
for  we  find  that  it  is  much  increased  during  the  summer,  and  is 
also  influenced  by  the  state  of  the  moisture  in  the  air.  The 
human  epidermis  contains  an  immense  number  of  minute  punc- 
tures, being  the  mouths  of  the  sudoriparous  follicles,  from  which 
the  perspiration  arises.  It  is  calculated  that  a  square  inch  con- 
tains 2800  of  these,  or  that  there  are  seven  millions  over  the 
entire  surface.  The  amount  of  fluid  issuing,  varies  from  U  lb.  to 
upwards  of  5  lbs.  daily,  besides  about  18  ounces  from  the  lungs. 
To  vaporize  this  quantity  of  fluid  at  the  temperature  of  the  body, 
requires  an  immense  amount  of  heat.  The  function  of  perspira- 
tion is  therefore  designed  by  nature  to  counterbalance  the  pro- 
cess of  calorification,  and  remove  the  excess  of  temperature. 
Hence  we  find,  that,  when  in  the  summer  season,  the  animal 
heat  is  rendered  excessive  by  the  external  temperature,  evapora- 
tion or  insensible  perspiration  becomes  very  active,  and  on  the 
other  hand  it  is  reduced  in  winter.  When  the  air  of  any  district 
is  hot  and  full  of  moisture,  evaporation  from  the  skin  is  impeded, 
and  an  extreme  sensation  of  heat  and  oppression  arises,  which,  if 
not  relieved,  is  a  fertile  source  of  disease,  and  is  by  some  sup- 
posed to  be  the  remote  cause  of  bilious  and  intermittent  fevers. 
Sweat  differs  from  insensible  perspiration  in  being  a  direct  exu- 
dation of  fluid  ;  its  production  does  not  refrigerate  the  body  to  the 
same  degree,  and  it  commonly  occurs  as  a  result  of  bodily  exer- 
tion, or  of  some  cause  which  impedes  evaporation. 

The  importance  of  the  insensible  perspiration  to  health  is 
scarcely  appreciated,  and  the  effect  of  its  diminution  in  producing 
disease  and  death,  overlooked.  Becquerel  and  Breschet  showed 
that  animals  covered  with  an  impermeable  coating,  speedily  died; 
and  M.  Mojon  has  reported  a  case  where  a  fine  child  was  covered 
with  gold  leaf,  to  make  a  figure  in  a  pageant,  and  died  in  a  few 

hours. 

Circumstances  which  influence  Evaporation.— Evaporation 
taking  place  from  liquids  or  moist  solids  in  the  open  atmosphere, 
is  subject  to  several  disturbing  causes.  The  amount  of  water 
which  rises,  depends  upon  the  dryness  or  moisture  of  the  air. 
The  temperature,  action  of  winds  and  pressure,  also  influence  the 
rapidity  of  evaporation. 

In  air  which  is  calm,  and  completely  saturated  with  vapor  of 
water,  evaporation,  from  this  fluid  cannot  take  place.  The  same 
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holds  for  all  other  vapors  in  a  confined  space,  but  the  presence  of 
one  vapor  to  saturation,  does  not  influence  the  ascent  of  another  of 
a  different  kind.  It  is  of  considerable  importance  in  meteorology, 
to  know  the  amount  of  vapor  of  water  in  the  air  at  any  time, 
and  for  this  purpose  several  instruments  have  been  contrived. 
Those  which  merely  denote  the  presence  of  moisture,  are  called 
hygroscopes,  those  which  mark  its  degree,  hygrometers.  A  sponge 
moistened  with  carbonate  of  potash,  a  piece  of  hair  or  whalebone, 
serves  to  indicate  the  presenceof  a  considerable  amount  of  moisture. 

The  best  hygrometers  are  constructed  on  two  principles:  1st, 
that  the  coldness  produced  by  evaporation  increases  with  its 
rapidity;  and,  2d,  that  whenever  a  substance  is  cooled  down  to 
the  temperature  at  which  the  air  is  saturated  with  moisture,  a  de- 
position of  dew  takes  place.  To  the  first  of  these  belong  the 
wet  bulb  hygrometer  and  the  psychrometer,  and  to  the  second, 
Daniell's  and  Bache's  hygrometers.  But  it  is  not  necessary  that 
the  student  should  resort  to  these  for  the  determination  of  the 
dew  point,  as  it  can  be  reached  with  great  expedition,  by  means 
of  a  little  ice,  a  tumbler  of  water,  and  a  thermometer.  A  small 
tumbler  or  wineglass  of  thin  material  and  dry  exterior  is  selected, 
and  three  quarters  filled  with  water;  into  this  a  few  pieces  of  ice 
(or  nitre),  are  placed,  and  the  whole  stirred  with  the  thermometer, 
the  temperature  of  which  is  marked  at  the  moment  of  the  first 
deposition  of  a  dewy  mist  on  the  exterior  of  the  glass.  This  is 
the  dew  point,  or  temperature  at  which  the  air  is  full  of  moisture, 
and  its  capacity  to  receive  more  vapor,  or  drying  power,  is  the 
number  of  degrees  between  this  point  and  the  atmospheric  tem- 
perature. When  the  temperature  of  the  air  is  70°  F.,  and  the 
dew  point  50°  F.,  the  drying  power  will  be  20°  F.,  and  vapor 
will  rise  freely.  As  the  dew  point  approximates  to  the  atmo- 
spheric temperature,  the  rate  of  evaporation  becomes  less,  and  is 
finally  arrested  when  they  are  the  same,  as  this  indicates  that  the 
air  is  saturated  with  moisture.  Under  such  circumstances,  espe- 
cially in  the  summer,  the  insensible  perspiration  of  the  body  be- 
comes nearly  arrested,  and  a  sensation  of  oppressive  heat  and 
languor  arises. 

The  probability  of  rain  is  also  connected  with  this  condition, 
for  when  the  air  is  saturated  with  moisture,  a  cold  wind  will 
condense  it,  and  thus  produce  a  rain  storm,  whereas  this  result 
could  not  take  place  if  the  air  were  altogether  dry.  The  hyoro- 
metric  state  of  the  atmosphere  is  also  seen  in  its  effects  on  plants, 
which  appear  succulent,  and  full  of  vigor  in  a  moist  air,  but 
withered  when  the  drying  power  is  great. 

Winds,  or  air  in  motion,  influence  evaporation  mechanically 
by  presenting  new  portions  of  matter  to  the  fluid,  and  thus  hin- 
dering  saturation.     According  to  the  observations  of  Dalton   a 
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brisk  wind  increases  the  amount  of  evaporation  from  one-third  to 
one-half.  It  is  in  consequence  of  this  effect  that  wind  is  so  emi- 
nently refrigerating  on  the  human  body,  the  insensible  perspira- 
tion being  considerably  increased  by  its  action,  the  coldness  of 
the  surface  is  rendered  greater.  The  increased  evaporation  is 
also  apparent  in  the  rapid  drying  of  linen  in  windy  weather. 

The  amount  of  vapor  which  can  exist  in  any  bulk  of  air  or 
gas,  depends,  however,  primarily  upon  the  temperature.  The 
drying  power  and  the  action  of  winds  influence  the  rate  of  eva- 
poration, but  do  not  affect  the  amount  which  any  volume  of  air 
or  space  can  contain.  This  depends  upon  the  temperature  of  the 
space,  and  is  the  same  whether  it  be  a  vacuum,  or  filled  with  gases 
or  other  vapors.  It  is  found  that  100  cubic  inches  at  32°  F.,  will 
contain  only  .136  grain  of  vapor  of  water;  at  60°,  this  rises  to 
•338  grain,  and  at  100°  F.,  to  1*113  grains.  From  these  num- 
bers it  will  be  seen  that  the  amount  does  not  only  depend  upon 
the  temperature,  but  that  the  proportion  of  vapor  rises  rapidly 
with  the  heat,  there  being  not  simply  double  the  amount  at  00° 
as  compared  with  32°,  but  an  excess,  so  at  100  there  is  more  than 
three  times  the  quantity  at  60°,  although  the  increase  of  heat  is 
not  double.  It  is  found  that,  as  the  temperature  rises,  the  weight 
of  vapor  increases  in  a  much  higher  ratio,  so  that  whilst  there  is 
but  1*113  grains  in  a  vacuum  over  water  at  100°  F.,  there  will 
be  14-962  grains  at  212°  F.,  at  little  more  than  double  the  tem- 
perature. 

The  elasticity  of  Vapor. — It  has  been  seen  that  heat  tends  to 
increase  the  amount  of  vapor  in  any  space,  but  each  addition  is, 
under  ordinary  circumstances,  opposed  by  the  air  or  other  mat- 
ters present,  and  has  to  overcome  this  resistance.  In  a  vacuum, 
vapor  forms  immediately,  but  in  a  volume  of  air,  it  has  to  act  by 
its  elastic  force,  in  dilating  the  gas  to  find  admission  ;  hence  in 
this  case  the  rise  of  vapor  is  impeded.  Every  accession  of  vapor 
enlarges  a  volume  of  air,  and  pushes  out  a  portion,  the  amount 
increasing  with  the  temperature.  The  force  exerted  by  the  vapor 
is  termed  its  elastic  force,  and  it  is  measured  by  its  power  to  de- 
press the  column  of  mercury  in  the  barometer. 

It  is  well  known  that  the  pressure  of  the  atmosphere  is  capa- 
ble of  supporting  a  column  of  mercury  of  30  inches,  (see  Atmo- 
spheric Mti)  but  if  we  introduce  a  few  drops  of  water,  alcohol, 
ether,  or  any  other  vaporizable  substance  into  the  barometer  tube, 
the  mercury  will  be  depressed,  and  no  longer  stand  at  30  inches. 
The  depression  arises  from  the  pushing  action,  or  elastic  force 
of  the  vapor,  and  increases  rapidly  with  the  temperature.  If 
water  be  introduced  above  the  mercury,  at  various  temperatures, 
or  if  heat  be  applied  by  means  of  a  hot  ring  of  metal  around  the 
barometer    tube  at   the    place  where  the  water  floats,  we   find 
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that  the  mercury  descends  with  each  addition  of  heat,  its  elas- 
tic force,  or  tension  increasing  with  great  rapidity.  It  has  been 
determined  by  Dr.  Dalton  that  the  elastic  force  of  vapor  oi  water 
is  as  follows  : — 

Elastic  force  in  depressing 
the  mercurial  column. 
0.200  of  an  inch. 
0.2C3 

0.524         " 
1.000  inch. 
1.8G0      " 
3.330      " 
7.420      " 

-  15.150      " 
23.G40       " 

-  30.000      " 

From  this  we  learn  that  the  elasticity  or  tension  rises  far  more 
rapidly  than  the  temperature,  being  but  1*86  inch  at  100°  F.,  and 
30  inches  at  212°  F.,  or  the  boiling  point  of  water.  In  all  other 
fluids  the  tension  is  equal  to  30  inches  at  their  boiling  points,  the 
phenomena  of  rapid  vaporization  depending  upon  the  force  with 
which  the  vapor  is  produced.  At  the  boiling  point,  the  elasticity 
of  vapors  is  equal  to  the  pressure  of  the  atmosphere,  and  resist- 
ance to  their  formation  ceases.  This  table  also  puts  us  in  pos- 
session of  the  reason  why  the  weight  of  vapor  of  water  in  the 
air  rises  so  rapidly  with  the  temperature,  for  as  the  elasticity  in- 
creases, the  impediment  offered  by  the  air  diminishes,  and  the 
amount  of  vapor  rising  is  enlarged.  The  amount  is  always  pro- 
portional to  the  elasticity,  and  the  latter  is  as  the  heat. 

The  elastic  force  of  vapors  differs  with  their  volatility ;  those 
fluids  which  have  the  lowest  boiling  points,  produce  the  most 
elastic  vapors.  Thus,  if  we  introduce  ether,  water,  and  alcohol 
into  three  barometer  tubes  at  the  temperature  of  80°  F.,  the 
water  will  depress  the  column  1  inch,  the  alcohol  1.9  inch,  and 
the  ether  20  inches.  These  numbers  1,  1.9,  and  20,  therefore, 
respectively  represent  their  elasticities  at  the  temperature  of  80D  F. 

Maximum  Density. — The  amount  of  vapor  capable  of  existing 
in  any  space,  at  a  given  temperature,  is  fixed,  and  cannot  be  ex- 
ceeded. The  term  maximum  density  is  employed  to  signify 
that  this  saturation  has  been  reached.  If  any  more  vapor  is 
driven  into  such  a  place,  it  does  not  become  diffused  into  every 
part,  but  is  condensed  on  the  sides  of  the  vessel,  or  on  the  coolest 
points.  On  the  other  hand,  the  slightest  diminution  of  tempera- 
ture, or  increase  in  pressure  causes  a  precipitation  of  some  of  the 
vapor;  and  dew  or  rain  is  produced  if  the  operation  takes  place 
on  a  large  scale.  So,  when  a  cold  wind  invades  a  part  of  the 
atmosphere  saturated  with  water,  or  in  which  the  vapor  has  a 
maximum  density,  a  portion  is  precipitated,  and  a  cloud  is  formed 
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if  it  occur  in  the  higher  regions  of  the  atmosphere,  or  a  fog  if  on 
the  surface  of  the  earth.  Reducing  the  pressure  of  a  volume  of 
air  saturated  with  moisture,  produces  a  mist,  in  consequence  of 
the  demand  for  heat  created  by  the  dilatation  of  the  air;  for  it 
will  be  remembered  that  the  specific  heat  of  gases  increases  with 
their  rarefaction.  The  nephelescope  is  an  instrument  designed 
to  show  the  production  of  clouds  by  the  diminution  of  pressure. 
It  consists  of  an  air  pump  receiver  connected  by  means  of  a  stop- 
cock, with  a  large  globe  of  glass,  which  is  situated  superiorly. 
The  globe  contains  air  saturated  with  vapor  of  water.  The  com- 
munication between  the  vessels  being  closed,  the  air  of  the  lower 
is  removed  by  the  air  pump,  and  then  the  communication  is  re- 
established. By  this  means,  the  moist  air  of  the  globe  is  sud- 
denly dilated,  the  rarefied  air  withdraws  heat  from  the  glass  and 
vapor,  and  the  point  of  maximum  density  being  lowered  by  di- 
minished temperature,  a  portion  of  the  vapor  becomes  visible,  and 
forms  a  cloud.  In  nature,  clouds  often  result  from  the  same  ope- 
ration— as  when  a  volume  of  warm  moist  air  is  transported  by 
winds  into  the  elevated  regions  of  the  atmosphere,  where  the 
pressure  being  less,  the  air  expands,  and  vapor  is  condensed  as 
in  the  instrument. 

The  action  of  Pressure  on  Vapors. — The  point  in  which  va- 
pors differ  from  gases,  is  the  ready  condensation  they  suffer 
from  the  application  of  pressure  or  cold.  In  a  space  saturated 
with  vapor,  the  slightest  increase  of  pressure  produces  liquefac- 
tion, and  the  liberation  of  the  latent  heat.  In  the  case  of  gases, 
the  latent  heat  is  also  liberated  by  pressure,  but  the  degree  ne- 
cessary to  bring  about  liquefaction  is  considerable,  and  some- 
times altogether  beyond  our  means,  as  in  oxygen,  hydrogen,  ni- 
trogen. The  evolution  of  heat,  by  the  condensation  of  gases, 
may  be  experimentally  shown  by  the  fire  syringe.  This  con- 
sists of  a  cylinder  of  brass,  closed  at  one  end,  in  which  fits  a 
tight  piston,  the  lower  end  of  which  contains  a  cavity  for  the  ac- 
commodation of  a  little  tinder  or  punk.  If  the  piston  be  driven 
down  sharply,  so  as  to  condense  the  air  of  the  cylinder,  with 
considerable  force,  the  heat  evolved  will  ignite  the  tinder.  But 
there  are  gases  which  are  condensible  under  pressure,  as  was 
shown  by  Mr.  Faraday.  It  appears  from  his  researches,  that 
Sulphurous  acid  gas  is  condensed  by  a  pressure  of  2  atmospheres  at  45°  F. 
Sulphuretted  hydrogen  "  "  17  "  &<J°  \\ 

'  Carbonic  acid  "  -b  ^Q  „ 

Chlorine  "  "  *  «  00° 

■»t.  •  i  c  «  *;n  <:  4  5° " 

Nitrous  oxide  ou  H''     , 

Cvano-en  "  "  30  45 

Cyanogen  u  „ 

Ammonia  u  °  0 

Hydrochloric  acid  gas  '<  40  S>U 
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As  pressure  is  capable  of  condensing  these  gases,  cold  will 
produce  the  same  result  if  sufficiently  severe,  but  the  degree  is 
not  in  most  cases  at  our  command.  It  has  been  calculated  that 
gaseous  ammonia  requires  a  temperature  of — 63'4°  for  condensa- 
tion, whereas  carbonic  acid  requires  —230-8°,  and  nitrous  oxide 
— 252*4°  degrees. 

A  vapor  separated  from  the  fluid  whence  it  rises,  cannot  resist 
the  slightest  pressure,  but  if  the  heat  be  continued,  and  fresh  sup- 
plies of  matter  rise,  a  powerful  concentration  may  be  reached. 
This  is  termed  cumulative  pressure  from  the  contained  additions 
of  vapor.  The  pressure  of  vapors  under  these  circumstances, 
rises  with  great  rapidity,  because  the  latent  heat  of  such  concen- 
trated vapor  does  not  increase  but  diminish.  If  to  a  stout  metal- 
lic vessel  containing  water,  heat  be  applied  until  the  whole  is  212° 
F.,  the  vapor  or  steam  will  be  found  capable  of  sustaining  the 
pressure  of  the  atmosphere,  as  measured  by  30  inches  of  mer- 
cury, or  14"6  pounds  on  the  square  inch.  This  vessel,  heated  to 
250°  F.,  that  is,  only  28  degrees  more,  generates  steam  of  double 
the  pressure,  such  that  it  is  capable  of  counterbalancing  60  inches 
of  mercury,  or  29'2  lbs.  on  the  square  inch.  At  294°  F.,  the  steam 
has  a  pressure  of  4  atmospheres,  or  58*4  lbs. ;  at  359°  F.  it  equals 
10  atmospheres,  or  146  lbs.  on  the  square  inch. 

Thus  by  the  application  of  heat  to  a  fluid,  in  a  confined  and 
strong  vessel,  the  vapor  acquires  immense  elastic  force,  overcom- 
ing after  a  time  the  most  powerful  resistance.  The  high  pressure 
engine  is  made  on  this  principle.  The  steam  is  generated  in  a 
strong  boiler,  and  not  allowed  to  pass  into  the  cylinder  until 
under  a  pressure  of  four  or  more  atmospheres;  it  now  exerts  im- 
mense force,  and  drives  machinery  which  steam  at  the  ordinary 
pressure  could  not  move,  but  as  experience  proves,  it  is  often  a 
source  of  serious  accidents.  In  these  engines  the  steam  is  allowed 
to  escape  from  the  cylinder  into  the  air,  but  in  the  low  pressure, 
or  common  engine,  it  is  conducted  into  a  tank  of  cold  water,  and 
reduced  back  into  the  state  of  water,  by  condensation. 

If,  on  the  other  hand,  a  vapor  be  separated  from  its  source,  and 
heat  is  applied,  it  enlarges  its  dimensions  and  increases  in  elasti- 
city, but  not  to  the  extent  pointed  out  above.  The  elastic  force 
or  pressure  is  only  moderate  even  at  high  temperatures.  In  this 
action  of  heat  on  insulated  vapors,  they  are  completely  identified 
•with  gases,  the  same  law  expressing  the  increase  of  dimensions 
in  both  cases.  If  we  take  a  cubic  inch  of  any  vapor,  and  of  air, 
place  them  under  similar  circumstances,  and  apply  the  same  heat, 
they  will  dilate  equally,  and  acquire  elasticity  in  the  same  degree. 
The  diminution  of  pressure  is  also  attended  with  the  same  results 
in  both  cases,  the  law  of  Marriotte  being  applicable  to  vapors  as 
well  as  gases.    The  law  is  as  follows: — The  volume  of  a  gas  u 
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inversely  as  the  pressure.  If  we  double  the  pressure  on  a  gas, 
its  volume  is  diminished  one-half,  and  if,  on  the  other  hand,  we 
decrease  the  pressure  one-half,  the  volume  is  doubled.  Vapors 
cannot  be  condensed  by  pressure  without  liquefaction,  but  they 
dilate  according  to  this  law.  Hence,  diminished  atmospheric 
pressure  is  conducive  to  the  rapid  production  of  vapor. 

Cold  condenses  vapors  by  removing  the  heat  necessary  to  im- 
part to  them  their  peculiar  structure,  and  the  degree  necessary  for 
this  purpose  depends  upon  the  amount  of  latent  heat  in  the  par- 
ticular body.  No  application  of  cold  can  liquefy  oxygen  gas,  for 
its  latent  heat  is  considered  very  high,  and  its  elastic  force  great; 
but  in  the  case  of  ordinary  vapors,  the  degree  of  cold  is  not  re- 
markable. 


§  6.    SOURCES  AND  EFFECTS  OF  HEAT. 

The  great  source  of  heat  as  respects  the  earth,  is  the  sun,  but 
electrical,  chemical,  and  mechanical  actions,  tend  to  develop  heat 
radiations.  The  earth  has  also  been  regarded  as  a  mass  whose 
temperature  influences  a  variety  of  operations  on  its  surface,  but 
from  the  extreme  coldness  of  those  parts  where  the  sun  is  absent 
for  a  considerable  period,  its  temperature  can  scarcely  be  sup- 
posed to  exert  any  remarkable  influence.  It  is,  moreover,  appa- 
rent, according  to  the  law  of  the  equilibrium  of  temperatures,  that 
if  the  earth's  surface  were  in  those  portions  in  which  the  sun  is 
absent,  warmer  than  space,  rapid  radiation  would  take  place, 
tending  to  reduce  the  excess  of  heat  in  a  short  time.  The  tem- 
perature of  the  Arctic  regions,  measured  by  navigators,  is  about 

58°  F.,  and  this  agrees  with  the  temperature  of  space  deduced  by 

Baron  Fourier  from  other  considerations.  This  equilibrium  has 
been  stationary  for  a  long  time,  for  we  have  records  of  the  rate  of 
the  diurnal  revolutions  of  the  earth  for  upwards  of  2000  years,  dur- 
ing which  there  has  been  no  alteration.  If  the  earth  had  cooled 
during  this  time,  its  volume  would  have  contracted,  and  the  revo- 
lutioifhave  become  more  rapid,  and  as  a  consequence,  the  length 
of  the  day  shorter.  But  whilst  the  crust  of  the  earth  has  no 
available  degree  of  heat,  the  action  of  the  sun  makes  itself  felt  to 
such  an  extent  as  to  render  existence  possible.  It  is  known  that 
neither  animals  nor  plants  can  live  below  32°  F.,  or  above  212° 
F.,  the  freezing  and  boiling  points  of  water,  and,  in  truth,  the  lim- 
its' are  much  more  confined.  The  surface  of  the  earth  at— 58° 
F.,  can  sustain  no  organized  being,  but  the  heat  of  the  sun  acting 
unequally,  produces  the  varieties  of  climate,  and  is  an  important 
cause  of  the  variations  in  animal  and  vegetable  existence.  Over 
the  tropics,  where  the  rays   pass   almost   perpendicularly,  and 
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through  the  least  interval  of  air,  their  power  is  most  felt;  they  not 
only  heat  the  surface,  but  penetrate  the  soil,  by  conduction,  to  a 
considerable  depth,  constituting  these  portions  of  the  earth  a  store- 
house of  heat.  In  northern  positions,  the  rays  arrive  obliquely; 
they  are  dispersed  and  fall  on  a  curved  surface,  the  same  amount 
being  distributed  over  a  much  larger  space  than  in  the  tropics;  a 
greater  amount  of  absorption  also  occurs  in  their  passage  through 
the  increased  thickness  of  the  atmosphere ;  they  are,  therefore, 
enfeebled,  and  neither  raise  the  temperature  of  the  surface,  nor 
penetrate  the  soil  in  the  same  degree.  Hence,  during  winter,  the 
earth  freezes,  and  as  we  proceed  towards  the  poles,  this  takes 
place  to  increasing  depths.  The  variable  inclination  of  the  sun's 
rays  in  summer  and  winter,  and  the  period  during  which  he  con- 
tinues above  the  horizon,  constitute  the  principal  causes  of  the 
diversity  in  the  temperature  between  these  periods.  The  air  is 
likewise  unequally  affected  in  different  parts  of  the  world ;  over 
the  tropics  it  is  heated  by  convection  to  a  great  height,  the  point 
of  perpetual  snow  or  congelation  being  raised  to  15,000  feet, 
whilst  at  40°  of  N.  latitude,  it  is  9000;  at  75°  of  N.  latitude,  it 
is  1000,  and  at  85°  N.  latitude,  but  117  feet  from  the  earth.  If 
we  trace  a  line  through  these  points,  it  will  represent  a  curve  ris- 
ing gradually  from  the  surface  at  the  pole,  to  the  equator ;  below 
which,  the  temperature  is  greater  than  32°,  as  an  average  for  the 
year;  above,  it  is  colder.  The  curve  of  perpetual  congelation  will 
be  similar  in  the  southern  hemisphere.  Observing  the  relation 
between  temperature  and  moisture,  it  will  be  apparent,  that,  under 
ordinary  circumstances,  as  the  atmosphere  over  a  warm  latitude 
contains  more  moisture  than  over  a  cold  situation,  the  rains  will 
be  heavier,  and  of  longer  duration.  Other  meteorological  pheno- 
mena will  also  be  regulated  chiefly  by  the  temperature  of  this 
portion  of  air.  If  we  pass  below  the  earth's  surface,  we  find  that 
in  situations  where  the  sun's  action  is  greatest,  the  temperature 
will  be  affected  to  a  considerable  depth.  If  we  dig  downwards  at 
the  equator,  the  earth  is  found  to  become  cooler  as  we  proceed, 
until  a  point  is  reached  where  the  temperature  is  fixed;  beyond 
this  the  heat  rises  again.  The  temperature  below  the  fixed  point, 
or  the  stratum  of  invariable  temperature,  is  due  to  the  heat  of  the 
earth. 

If  we  examine  the  temperature  at  any  medium  latitude,  we  find 
the  same  phenomena  ;  the  upper  crust  gradually  diminishes  in 
temperature  to  a  certain  depth,  depending  on  the  location,  and 
beyond  this  there  is  an  increase.  At  the  latitude  of  Philadelphia, 
the  depth  to  be  attained  before  we  reach  the  stratum  of  fixed 
temperature,  will  be  about  40  feet ;  below  this  the  temperature  rises 
at  the  rate  of  about  one  degree  Fahrenheit  for  every  additional 


EFFECTS  OF  HEAT.  45 

42  feet  of  descent.  So  far  as  observations  have  been  made,  the 
increase  seems  to  be  nearly  uniform.  On  these  grounds  it  ap- 
pears, that  if  we  penetrate  a  mile,  the  difference  will  be  120°  F. ; 
at  the  depth  of  two  miles,  water  cannot  exist,  being  converted  into 
steam;  at  four  miles  tin  will  melt,  and  at  thirty  miles  depth,  iron 
and  most  rocks  will  be  in  a  state  of  fusion.  This  deduction,  to- 
gether with  the  phenomena  of  volcanoes,  constitutes  two  of  the 
principal  grounds  of  the  igneous  theory  of  the  earth.  It  is  sup- 
posed that,  in  the  commencement  of  time,  this  globe  was  in  an 
incandescent  state,  and  that  it  has  cooled  down  on  the  surface  to 
a  state  of  equilibrium,  but  is  still  occupied  interiorly  by  matter  at 
an  intense  temperature.  The  depth  of  thirty  miles  is  almost  as 
nothing  to  the  radius  of  the  earth  ;  hence  the  cooled  crust  is 
merely  a  pellicle  on  the  exterior,  but  of  such  poor  conducting 
power  as  to  separate  us  from  the  central  fire.  However  this  may 
be,  the  temperature  of  the  globe,  on  its  surface,  is  now  so  far  re- 
duced, as  to  furnish  no  available  supply  of  heat  for  the  mainten- 
ance of  life. 

Artificial  heat,  such  as  that  of  the  fire,  is  the  product  of  chemi- 
cal action.  Indeed,  with  the  exception  of  a  few  unimportant  in- 
stances of  the  production  of  heat  by  friction  and  electricity,  this 
agent  appears  to  be  in  nearly  every  case  set  in  motion  by  chemi- 
cal action.  We  find  that,  as  the  furnace  is  urged,  the  heat  in- 
creases, being  in  all  cases  proportional  to  the  combustion  of  fuel. 
This  is  a  chemical  process  in  which  the  fuel  becomes  combined 
with  a  constituent  of  the  atmosphere  (oxygen),  to  form  regular 
chemical  products. 

The  animal  heat  was  formerly  supposed  to  have  a  source  szri 
generis,  but  it  is  now  understood  to  arise  from  a  slow  chemical 
change  analogous  to  that  taking  place  in  combustion.  The  arte- 
rialized  blood  containing  free  oxygen  gas,  is  constantly  acting  on 
the  tissues  of  the  body,  and  especially  the  fat,  and  producing  by 
this  union  carbonic  acid  and  water,  the  former  of  which  is  found 
in  venous  blood,  and  is  thrown  out  by  the  lungs.  These  are 
also  the  products  of  combustion  in  the  fire-place,  whenever  fatty 
matters,  or  bodies  containing  the  same  elements  as  fat,  are  con- 
sumed. 

Effects  of  Heat. — The  principal  effects  of  heat  on  inanimate 
matter  have  been  detailed — the  expansion  of  bodies ;  its  relation 
to  the  forms  of  matter,  whether  they  be  solid,  fluid  or  gaseous, 
and  its  tendency  to  attain  an  equilibrium.  Its  influence  over 
chemical  operations  will  be  pointed  out  at  length  in  the  course 
of  the  work.  This  force  has,  however,  several  important  effects 
on  animated  objects  which  it  is  proper  to  mention  in  this  place. 
The  chief  of  these  may  be  considered  under  the  following  heads  : 
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1.  The  Relation  of  heat  to  climate. 

2.  The  Relation  of  heat  to  animals  and  plants. 

3.  The  Relation  of  heat  and  cold  to  man. 

4.  Heat  and  cold  as  therapeutic  agents. 

1  The  Relation  of  Heat  to  Climate.— Temperature  constitutes 
the  principal,  but  not  the  only  element  of  climate.  It  has  already  been 
explained  that  the  difference  in  intensity  of  the  sun's  rays,  falling 
at  different  latitudes,  is  chiefly  due  to  their  obliquity  and  the  curve 
of  the  earth's  surface.  If  heat  were  the  only  element,  all  places 
on  the  same  latitude  would  have  the  same  average  climate,  but 
such  is  known  not  to  be  the  case.  Humboldt  has  determined 
that  if  a  line  be  traced  on  a  map,  through  those  places  which  have 
the  same  average  temperature  during  the  year,  it  constitutes  a 
curve  altogether  different  from  the  line  of  latitude.  The  line  of 
32°  F.  passes  in  Europe  near  Ulea  in  Lapland  at  66°  N.lat.,but 
descends  in  crossing  the  Atlantic  to  54°  N.  lat.  in  Labrador,  or 
12  degrees  south;  it  then  rises  in  passing  through  the  American 
continent,  reaching  its  highest  point  on  the  western  coast,  de- 
scending again  to  the  eastern  shore  of  Asia,  and  rising  to  the  west 
of  Europe.  This  constitutes  a  double  curve,  the  two  highest 
points  of  which  are  on  the  western  coasts  of  America  and  Eu- 
rope, and  the  lowest  points  on  the  eastern  shores  of  America  and 
Asia.  To  this  curve  the  name  of  the  isothermal  line  has  been 
given.  The  isothermal  lines  of  41°,  50°,  and  59°  F.,  obey  the  same 
general  outline,  but  they  do  not  fall  so  low  on  the  American  coast. 
Thus  the  line  of  41°  F.  is  found  in  Stockholm,  lat  59§  N.,  and 
Newfoundland,  lat.  48  N.,  the  fall  being  Hi  degrees.  The  line 
of  59°  F.  passes  near  Rome  and  Florence,  lat.  43°  N.,  and 
reaches  Raleigh,  N.  C.,lat.  36°  N.,  making  a  descent  of  but  seven 
degrees.  As  the  temperatures  become  higher,  the  curves  correspond 
to  the  lower  lines  of  latitude.  These  lines  represent  the  average 
temperature,  but  give  no  information  of  the  difference  of  heat  be- 
tween summer  and  winter.  On  this  point  there  is  less  opportu- 
nity for  reaching  a  useful  generalization,  for  local  disturbances 
operate  more  completely.  It  is,  however,  established  that  the 
variation  increases  as  we  ascend  the  continent  from  the  gulf,  the 
deviation  being  less  in  Florida  and  the  West  Indies  than  in  north- 
ern latitudes,  and  becoming  greater  as  we  pass  throuo-h.  the  mid- 
dle to  the  northern  states,  and  into  Canada.  Thus  the  difference 
between  the  hottest  and  coldest  months  at  Tampa  bay,  is  22°  F., 
at  New  York  55°  F.,  at  Quebec  60°  F. 

It  is  not  for  us  to  enter  upon  the  causes  which  produce  the 
wide  diversity  in  climate  between  western  Europe  and  the  United 
States,  but  it  may  be  well  to  point  out  to  the  attention  of  the  stu- 
dent, the  influence  of  prevailing  winds,  the  action  of  warm  vapors 
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such  as  those  of  the  Gulf  Stream,  the  neighborhood  of  exten- 
sive forests  or  high  mountains,  all  of  which  exert  an  important 
influence.  Forests  attract  moisture,  or  condense  the  vapor  of  the 
air  to  a  considerable  extent ;  they  also  impede  the  escape  of 
moisture  by  shading  the  earth  ;  hence  wooded  countries  are  well 
watered,  and  their  temperature  is  reduced.  Indeed,  many  portions 
of  the  earth  have  been  converted  into  deserts  by  the  destruction 
of  their  forests. 

To  the  physician,  a  knowledge  of  climate  is  of  considerable 
importance  in  the  treatment  of  disease.  It  is  necessary  he  should 
discriminate  between  a  dry  hot  climate,  a  moist  hot  climate,  an 
equable  climate,  and  a  bracing  equable  climate.  To  the  con- 
sumptive an  equable  moist  and  warm  climate  is  useful,  a  dry  hot 
climate  would  be  injurious.  Such  find  great  relief  at  Pensacola, 
in  Florida,  and  in  any  other  situation  on  Tampa  Bay;  where  the 
heat  of  summer  is  not  much  greater  than  in  Philadelphia,  being 
80°  F.,  and  the  temperature  of  winter  seldom  falls  below  58°  F., 
whereas  in  Philadelphia,  it  reaches  30°  F.  Madeira,  in  the  island 
of  Funchal,  is  another  excellent  situation  ;  here  the  temperature 
of  winter  is  60°  F.  and  that  of  summer  82°,  the  seasons  flowing 
into  one  another,  so  as  to  produce  a  remarkable  uniformity  of 
climate.  To  either  of  these  places  the  consumptive  may  be 
sent  in  the  early  stages  of  the  disease,  as  well  as  patients  labor- 
ing under  chronic  rheumatism  and  bronchitis.  The  West  Indian 
islands  are  too  enervating  to  most  persons ;  the  eastern  coast  of 
Florida  is  often  recommended,  but  the  severe  winds  here  are 
very  objectionable.  There  is,  however,  great  advantage  to  be 
derived  from  the  amusement  of  the  mind,  and  for  this  reason  cer- 
tain places  in  Europe  are  frequently  selected,  as  Rome ;  Florence  ; 
Pisa;  Undercliff  in  the  Isle  of  Wight;  Torbay  in  Devonshire, 
England;  where  the  delights  of  society  can  be  had  as  well  as  a 
genial  climate.  Asthma  and  scrofulous  diseases  are  often  much 
benefited  by  change  of  climate.  Dyspepsia,  hypochondriasis,  and 
the  cachexies,  often  give  way  to  the  excitement  of  travelling,  and 
are  especially  benefited  by  a  sea  voyage.  It  is  to  be  observed, 
that  the  great  heat  of  a  tropical  climate  is  seldom  useful,  and  often 
injurious;  it  is  calculated  to  develope  cerebral  and  hepatic  disease, 
if  there  be  any  tendency  to  them,  and  by  the  great  excitement 
experienced,  often  shortens  the  days  of  the  patient  laboring  under 
advanced  consumption.  Exercise  is  also  impeded  in  such  situa- 
tions, and  this  is  one  of  the  chief  curative  means.  It  has  been 
recommended  that  patients  spending  a  winter  in  Pensacola,  should 
travel  northwards  in  the  summer,  so  as  to  add  the  excitement  of 
a  journey,  and  the  pleasures  of  society  in  the  watering-places, 
to  the  benefit  of  residing  in  a  genial  climate. 
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2.  The  Relations  of  Heat  to  Animals  and  Plants.— The  rela- 
tions of  heat  to  organized  objects  are  numerous,  existence  being 
impossible  except  between  a  narrow  range  of  temperature.  The 
plants  allied  to  the  red  snow  (protococcus  nivalis)  are  the  only 
living  things  which  can  exist  at  32°  F.,  and  very  few  are  found 
at  a  temperature  of  120°  F.,  except  minute  algae  ;  one  of  which 
exists  in  boiling  water,  the  ulva  thermalis.  The  capacity  to 
manifest  the  phenomena  of  life,  in  the  higher  animals,  ceases  far 
below  the  boiling  point  of  water,  for  the  disorganization  of  scald- 
ing is  produced  at  that  temperature.  No  vegetable  product  can 
exist  beyond  a  red  heat,  all  being  decomposed  at  that  temperature. 

The  temperatures  most  conducive  to  animal  and  vegetable 
existence  are  from  50°  to  110°;  beyond,  in  either  direction,  the 
operations  of  existence  become  impeded.  In  the  larger  animals, 
there  is  an  internal  source  of  heat,  which  enables  them  to  enjoy 
a  wider  range  of  climate  ;  but  even  with  this  provision,  the  species 
rapidly  change  as  we  approach  the  limits  of  the  temperate  zone. 
We  observe  in  the  north  a  great  development  of  hair  or  fur  on 
the  skin,  to  preserve,  by  its  non-conducting  power,  the  animal 
heat.  On  the  contrary,  in  the  tropics  we  discover  dogs  without 
hair,  and  find  that  the  wool  of  the  sheep  degenerates  into  a  sparse 
covering  of  hair.  The  range  of  temperature  in  which  given  ani- 
mals can  flourish,  is  for  the  most  part  very  limited.  The  effect 
of  hybernation,  and  the  torpid  state  in  which  reptiles  pass  the  hot 
dry  season,  are  also  in  a  measure  attributable  to  the  action  of 
temperature. 

In  the  vegetable  kingdom,  the  influence  of  heat  is  remarkably 
apparent.  In  the  arctic  region,  plants  scarcely  exist.  The 
first  objects  which  the  eye  encounters  are  lichens,  and  dwarf 
shrubs ;  the  willows,  birches  and  pines  succeed  these.  In  a 
lower  portion  of  the  temperate  zone,  are  found  the  oaks,  elm, 
and  forest  trees,  with  the  grain  plants,  and  in  the  lowest  limit  of 
this  region  are  the  orange,  myrtle,  olive  and  vine,  yielding  rich 
stores  to  the  cultivator.  In  the  tropics,  the  vegetable  world  ac- 
quires all  its  luxuriance;  the  palm  trees,  the  mahogany  and  teak, 
furnish  the  most  graceful  and  splendid  objects  of  this  class.  Here 
the  resin-bearing  plants,  the  dye-woods  and  flowering  trees  ac- 
quire a  full  developement.  But  in  these  results  the  action  of  light 
is  also  powerful. 

The  migrations  of  birds  and  fishes  are  also  connected  with 
changes  in  the  seasons.  As  the  winter  approaches,  the  duck  and 
woodcock  desert  the  lakes  and  woods  of  the  north,  to  enjoy  a 
more  genial  climate,  and  return  again  with  the  spring. 

3.  The  Relations  of  Heat  and  Cold  to  Man.— In  consequence 
of  the  ability  man  possesses  of  dissipating  the  cold  of  extreme 
northern  positions  by  artificial  heat,  his  range  of  habitation  is 
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much  greater  than  that  of  other  creatures.  But  whilst  this  power 
gives  him  possession  of  the  globe,  it  is  attended  with  many  in- 
jurious eifects  on  his  health  and  developement.  In  the  arctic,  we 
find  the  Esquimaux,  Laplanders  and  Samiodes,  scarcely  human, 
living  in  holes  in  the  ground,  with  hardly  a  glimmering  of  intel- 
lect. In  the  other  extreme,  we  find  him  oppressed  by  heat,  re- 
duced in  longevity,  slothful,  almost  inane.  Such  are  the  rewards 
of  the  enterprise  which  distributes  our  race  from  the  pole  to  the 
equator.  We  do  violence  to  the  laws  of  heat.  Many  of  our 
diseases  depend  on  climate;  witness  consumption,  leprosy,  ele- 
phantiasis, framboesia,  and  the  hepatic  affections  of  warm  regions. 
Excess  of  heat  or  cold  continually  undermines  the  system.  In 
the  former  case,  the  circulation  is  fuller,  the  tissues  are  rendered 
lax  by  dilatation,  and  man  instinctively  seeks  rest  to  avoid  the  dis- 
tressing heat,  and  a  state  of  partial  congestion  occurs  in  every  part 
of  his  frame.  The  brain  is  enfeebled,  the  liver  gorged,  and  the 
system  enervated.  Slight  excesses  bring  on  fatal  diseases,  in 
which  the  recuperative  powers  of  the  body  are  of  little  avail.  Not 
only  are  the  diseases  of  hot  countries  peculiar,  but  the  treatment 
must  also  be  modified  to  guard  against  the  enervated  state  of  the 
patient.  The  remedial  means  which  would  be  necessary  in  the 
north,  if  applied  to  an  inhabitant  of  the  tropics,  would  be  altogether 
improper.  Such  persons  are  too  much  enfeebled  by  general 
bleeding,  and  are  to  be  treated  on  the  anodyne  and  refrigerant 
plan,  rather  than  by  active  depletion.  Where  the  climate  is  ex- 
cessively cold,  the  vital  powers  are  equally  depressed,  and  it  is 
only  by  severe  exercise  that  the  inhabitants  are  saved  from  a 
species  of  hybernation  in  the  winter,  which  would  extinguish  life. 
Cold  acts  by  depressing  the  chemical  changes  in  the  body  essen- 
tial to  existence,  and  actually  reducing  the  degree  of  life.  During 
a  state  of  vigor,  it  is  only  by  the  consumption  of  immense  quan- 
tities of  fat  and  oily  matters,  that  these  people  are  able  to  resist 
exterior  cold  by  the  animal  heat.  They  are  dwarfish,  feeble,  and 
short  lived. 

The  true  habitat  of  our  race  is  the  southern  portion  of  the  tem- 
perate zone,  where  the  variations  of  temperature  scarcely  call  for 
change  of  raiment,  and  where,  under  a  natural  condition  of  things, 
everything  would  appear  to  minister  to  temporal  happiness  and 
longevity. 

4.  Heat  and  Cold  as  Therapeutic  Agents. — That  heat  and  cold 
should  possess  extraordinary  medicinal  powers,  will  appear,  if  we 
consider  that  the  chemical  actions  of  the  body,  in  which  we  in- 
clude the  cause  of  the  circulation  of  the  blood,  are  increased  by 
heat  and  diminished  by  cold.  Under  the  influence  of  heat,  the 
circulation  becomes  fuller,  the  blood  passing  freely  into  the  capil- 
laries of  the  skin ;  as  a  consequence,  perspiration  and  the  secre- 
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tions  are  increased,  and  the  whole  body  is  thrown  into  a  state 
resembling  that  of  fever.  If  the  heat  be  dry,  as  that  of  summer, 
or  of  a  stove,  an  abundance  of  perspiration  transudes;  if  it  be 
moist,  as  in  a  vapor  bath,  (120°  F.,)  sweat  is  formed,  and  the 
tissues  acquire  a  degree  of  relaxation  that  assures  us  of  the  diver- 
sion of  a  large  excess  of  blood  to  the  skin. 

In  these  two  states,  heat  exercises  a  very  different  action,  being, 
when  dry,  stimulating,  and  attended  with  less  oppression  than 
when  applied  as  vapor  or  the  hot  bath,  (110°  F.)  In  the  latter 
cases,  it  is  enervating;  the  activity  produced  in  the  functions  of 
the  body  by  these  means  affect  every  part,  the  head,  the  liver,  the 
intestines,  and  is  followed  by  a  subsequent  reduction  of  action, 
feebleness  and  sleep.  The  hot-bath  also  differs  from  the  vapor- 
bath,  as  regards  the  function  of  perspiration,  there  being  little 
sweat  in  a  bath  of  100°  F.,  whereas  in  the  vapor-bath,  there  is  a 
large  amount.  If  the  object  be  to  subdue  irregular  action  over 
the  skin,  the  vapor-bath  is  most  effectual,  but  it  is  more  debilitat- 
ing. Heat,  either  in  the  dry  state,  or  as  hot  water  applied  locally 
to  the  skin,  produces  a  rubefacient,  or  derivative  action,  according 
to  its  degree.  This  is  often  of  great  service  in  relieving  the  lungs 
or  abdominal  viscera  from  irritation,  and  is  applied  by  means  of 
a  poultice,  the  materials  of  which,  usually  corn  meal,  or  linseed 
meal,  retain  the  heat  a  long  time.  Sir  A.  Carlisle  recommended 
the  application  of  a  piece  of  metal  heated  by  immersion  in  boiling 
water  to  the  skin,  as  a  substitute  for  blistering.  The  action  is  the 
same,  the  pain  is  said  to  be  less,  and  there  is  no  apprehension  of 
strangury. 

Boiling  water  produces  a  partial  disorganization  of  the  tissues; 
it  coagulates  the  albumen  of  the  membranes,  destroying  its  func- 
tions, and  the  parts  so  injured  are  thrown  off  by  the  processes  of 
nature.  In  treating  such  accidents,  the  principal  indications  ap- 
pear to  be  the  exclusion  of  air  and  the  adoption  of  means  to  hin- 
der contractions  by  the  irregular  deposition  of  the  new  portions 
of  matter.  To  exclude  air,  a  soap  of  linseed  oil  and  lime-water 
seems  to  be  the  best  application.  Scalds  which  injure  vital  organs, 
or  destroy  an  extensive  surface,  are  necessarily  more  serious,  but 
the  chemical  effect  is  the  same  in  all  cases.  Burns  differ  from 
scalds  in  the  separation  of  a  large  amount  of  the  fluid  portions  of 
the  tissue,  as  well  as  the  coagulation  or  destruction  of  the  albumen 
and  animal  matters.  The  actual  cautery  owes  all  its  power  to 
these  chemical  effects  ;  it  suddenly  dissipates  the  water  of  the 
tissue,  which  amounts  to  nine-tenths,  and  converts  the  animal 
matter  into  a  hard  solid,  capable  of  obstructing  the  flow  of  blood. 
The  hot-bath  and  other  means  of  employing  heat,  are  contra-in- 
dicated in  general  febrile  affections,  plethora,  aneurisms,  or  hyper- 
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trophies  of  the  heart,  nervous  excitability  with  feebleness,  and  in 
every  case  where  it  is  improper  to  increase  the  circulation. 

Cold  acts  in  a  manner  precisely  the  reverse  of  heat.    It  drives  the 
circulation  from  the  part,  constringing  the  vessels  and  diminishing 
chemical  action,  in  which  we  also  include  the  cause  of  the  capil- 
lary circulation.     It  is  therefore  operative  in  directing  the  blood 
to  the  organs  of  the  interior,  as  well  as  subduing  the  circulation. 
Applied  generally,  by  exposure  to  a  cold  air,  or  to  the  cold  water 
bath  (45°  F.),  it  contracts  the  skin,  and   produces  a  sense  of  op- 
pression internally.     If  this  be  continued  for  a  considerable  time, 
the  circulation  becomes  so  slow  that  the  entire  body  is  chilled, 
venous  congestions  occur  in  the  head,  chylopoietic  viscera  and 
lungs,  and  death  from  want  of  the  aeration  of  the  blood,  ensues. 
But  when  the  action  is  for  a  short  time  only,  the  capillaries  of  the 
skin  alone  are  affected,  and  upon  the  withdrawal  of  the  agent,  the 
circulation  being  re-established  in  these  parts,  a  glowing  sensation 
of  heat,  or  reaction,  occurs.     Cold  water,  applied  locally  and  sud- 
denly, produces  a  sharp  action  on  the  capillaries  of  the  parts,  com- 
municating a  sensation  to  the  nervous  centres  that  usually  pro- 
duces spasmodic  actions.     It  is  on  the  nervous  centres  that  cold 
is  most  influential  as  a  therapeutic  agent.    Cold,  applied  by  means 
of  pounded  ice,  in  bladders,  to  the  head,  so  completely  subdues 
the  capillary  circulation  of  the  brain,  as  to  arrest  incipient  inflam- 
mation, and  if  continued  sufficiently  long,  destroys  the  attack. 
Dashes  of  cold  water,  and  the  cold  water  shower  bath,  are  equally 
efficacious  in  insanity  and  chronic  irritation  of  the  brain.    But  the 
application  of  cold  is  injurious  over  the  chest  or  stomach,  in  in- 
flammatory affections  of  the  contained  organs.     The  amount  of 
blood  circulating  in  these   parts,  and    the  remoteness  from  the 
source  of  cold  of  many  organs,  render  it  impossible  to  impress 
every  part  with  this  agent.     Whilst  circulation  is  diminished  on 
the  skin  and  layers  of  muscles,  it  is  rendered  more  active  in  the 
deeper  seated  and  affected  organs,  from  the  increased  quantity  of 
blood  diverted  to  them.     In  these  cases,  the  derivative  action  of 
hot  fomentations  and  poultices  is  required,  and  is  beneficial. 

In  the  treatment  of  serious  accidents,  as  compound  fractures  of 
the  limbs,  and  in  averting  inflammatory  action  after  wounds,  se- 
vere burns  and  operations,  cold  water  is  the  most  valuable  agent  we 
possess.  Applied  by  irrigation,  so  that  a  small  stream  flows  over 
the  part  continually  for  several  days,  it  subdues  every  approach  to 
inflammatory  action,  whilst  it  does  not  hinder  the  healthy  pro- 
cesses of  restoration,  if  the  temperature  be  mild. 

As  a  morbific  agent,  cold  is  of  the  highest  consequence.  It 
is  not  to  be  anticipated,  that,  whilst  such  remarkable  effects  arise 
from  its   proper  application  to  the  healthy  body,  it  is  without 
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injurious  consequences  when  long  continued.  Exposure  to  cold 
or  draughts  of  air,  by  disturbing  the  circulation  locally,  produces 
rheumatisms,  catarrhs,  and  neuralgic  affections.  Wet  feet,  by 
which  we  mean  cold  and  wet  feet,  are  a  prolific  source  of  inflam- 
matory disturbances,  by  arresting  the  capillary  circulation  of  the 
part.  So  if  the  continued  action  of  cold  be  on  the  chest,  abdo- 
men, or  head,  inflammatory  actions,  which  may  be  local,  or  affect 
the  entire  system,  arise.  The  chilly  dews  of  the  autumn,  following 
days  of  heat,  are  recognized  by  some  practitioners  as  the  causes 
of  autumnal  diarrhoea,  bilious  and  intermittent  fever.  It  is  cer- 
tainly true,  that  these  affections  fall  mostly  upon  those  exposed 
to  the  dews,  but  it  appears  that,  independently  of  this,  a  specific 
malaria  is  also  necessary  to  produce  some  of  these  diseases. 


53 


LIGHT. 

The  Nature  of  Light. — Light,  like  heat,  is  now  generally  thought 
to  be  an  effect  produced  by  the  vibrations  of  the  universal  ether. 
The  waves  so  originating,  are  propagated  with  immense  velocity, 
and  act  upon  matter  in  various  ways.  Some  pass  through  the 
structure  of  bodies  by  radiation,  being  bent  or  refracted  in  their 
course ;  others  are  reflected,  and  some  are  absorbed.  This  agent 
is  not  known  to  increase  the  dimensions  of  bodies  like  heat,  but  it 
is  capable  of  producing  numerous  molecular  changes  of  a  chemi- 
cal nature.  A  few  substances  have  the  property  of  absorbing 
the  rays  of  light,  and  subsequently  emitting  them  when  acted  on 
by  chemical,  electrical,  or  other  agents.  Such  are  the  phospho- 
rescent substances,  of  which  fluor  spar,  oyster  shells  calcined  with 
sulphur,  and  fused  nitrate  of  lime,  are  instances. 

Its  intimate  connection  with  heat  has  been  already  pointed  out; 
both  agents  arising  simultaneously  in  the  process  of  combustion, 
and  heat  being  in  nearly  every  case  associated  in  nature  with  light. 
The  moon's  light,  and  the  phosphorescence  of  some  insects,  appear 
to  be  nearly  without  heat.  The  rapidity  of  propagation,  195,000 
miles  per  second,  is  the  same,  and  the  diminution  of  brilliancy 
follows  the  same  law,  being  inversely  as  the  squares  of  the  dis- 
tances. These  agents  differ,  however,  in  their  relations  to  matter, 
possessing  very  different  actions  on  chemical  substances,  light 
decomposing  many  which  heat  cannot  affect,  and  the  reverse.  In 
no  instance  is  this  more  apparent  than  on  the  tissues  of  the  body, 
heat  being  perceived  nearly  in  every  part,  whilst  light  can  only 
influence  the  retina.  Hence,  although  they  be  forces,  and  closely 
allied,  it  is  customary  to  separate  them  in  description,  and  con- 
sider them  as  two  agents  from  the  different  relations  they  possess 
to  matter.  Light  is  of  much  less  importance  in  general  chemistry 
than  heat,  but  in  organic  chemistry  it  is  the  active  agent,  pro- 
ducing the  compounds  of  the  plant  which  are  necessary  to  its 
developement,  and  the  sustenance  of  animals.  This  subject  be- 
longs, however,  more  to  physics  than  chemistry,  and  we  shall 
introduce  only  so  much  as  may  be  necessary  to  explain  its  gene- 
ral properties.  . 

Of  Radiant  Light.— Light  advances  in  great  spherical  waves, 
but  any  portion  striking  on  a  limited  surface  may  be  considered  a 
ray,  the  path  of  which,  from  the  luminous  source,  has  been  a 
straight  line.     The  ray  falling  on  a  hard  polished  surface,  will  be 
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reflected  or  thrown  off  according  to  the  same  law  as  the  ray  of 
heat,  the  angle  of  incidence  being  equal  to  the  angle  of  reflection. 
If  the  reflecting  surface,  whether  a  mirror,  or  polished  metal,  be 
curved,  the  same  effects  will  ensue  as  in  heat.  The  concave 
surface  will  throw  the  rays  together,  causing  them  to  meet  in  a 
point,  distinguished  by  its  brightness,  and  called  the  luminous 
focus.  On  the  other  hand,  a  convex  mirror  disperses  the  light, 
forming  no  true  focus.  But  as  the  rays  of  light  usually  reach 
the  eye  after  having  been  reflected  from  objects,  they  generally 
communicate  an  impression  of  figure  and  color,  called  the  image. 
Except  light  be  directly  derived  from  the  sun,  it  always  falls  on 
the  eye  associated  with  a  picture  or  image,  which  is  produced  by 
the  unequal  reflecting  power  of  objects,  and  their  relations  to 
color.  Hence,  although  the  convex  mirror  cannot  condense  light, 
it  yields  an  image; — the  difference  between  these  reflecting  sur- 
faces being,  that  the  concave  mirror  furnishes  a  magnified  repre- 
sentation, and  the  convex  a  minified  image.  The  plane  mir- 
ror neither  enlarges  nor  diminishes  the  size  of  the  object. 

The  principle  of  reflection  is  employed  in  medicine,  in  the 
catoptric  examination  of  the  eye,  and  the  use  of  the  speculum. 
The  catoptric  examination  of  the  eye  is  practised  for  the  detec- 
tion of  cataract,  the  process  being  as  follows.  The  iris  is  dilated 
by  extract  of  belladonna,  and  the  patient  being  in  a  dark  room,  a 
lighted  candle  is  held  before  the  pupil,  and  the  images  formed  by 
reflection  observed.  If  the  eye  be  sound,  or  amaurotic,  there  may 
be  seen  three  small  images  of  the  candle  flame,  one  formed  by  re- 
flection from  the  cornea,  another,  much  feebler,  from  the  anterior 
surface  of  the  crystalline  lens,  and  the  third,  which  is  very  feeble, 
from  the  posterior  surface  of  the  lens.  In  cataract,  both  the  latter 
images  may  be  absent,  and  the  innermost  will  certainly  be  de- 
stroyed by  the  opacity  of  the  crystalline.  It  is,  therefore,  a  capi- 
tal means  of  diagnosis  between  amaurosis  and  cataract. 

The  speculum  is  a  conoidal  tube  of  steel,  the  inner  surface  of 
which  is  highly  polished  ;  it  is  furnished  with  a  handle  for  facility 
of  introduction.  There  are  various  kinds,  some  being  made  with 
a  tube  of  one  piece,  and  others  of  two  or  three,  so  that  they  may 
be  more  readily  introduced  and  expanded  afterwards  by  a  screw, 
or  other  contrivance.  They  are  employed  in  the  examination  of 
the  natural  cavities  of  the  body,  as  the  meatus  auditorius,  the 
vagina  and  rectum.  When  these  instruments  are  to  be  used,  the 
patient  is  placed  in  a  convenient  position,  in  a  dark  room,  and 
the  speculum  being  introduced  and  dilated,  the  operator  holds  a 
lighted  candle  in  the  axis  of  the  instrument,  and  directing  his  eye 
to  the  polished  sides  of  the  tube,  adjusts  the  light  and  speculum, 
until  he  sees  a  reflected  image  in  the  polished  metal  of  such  parts 
of  the  cavities  as  he  wishes  to  observe  It  may  be  necessary, 
especially,  in  examining  the  rectum,  to  observe  the  tube  inch  by 
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inch,  as  we  withdraw  the  instrument.  The  speculum  has  been 
of  great  service  in  determining  the  diseases  of  the  neck  of  the 
womb,  especially  in  those  cases  of  protracted  leucorrhcea  which 
were  formerly  considered  incurable.  It  will  be  perceived  that 
the  metal  acts  as  a  simple  mirror,  and  the  nearer  its  sides  approach 
to  planes,  the  more  natural  is  the  image  of  the  parts,  the  curved 
tube  distorting  them  very  considerably. 

Refraction. — When  the  rays  fall  on  a  transparent  medium, 
they  are  more  or  less  transmitted.  If  we  examine  the  course 
of  the  rays,  they  are  found  to  be  bent  out  of  their  direction  by  this 
passage,  and  are  said  to  be  refracted.  All  transparent  substances 
refract  light,  but  the  degree  of  refraction  depends  upon  the  sub- 
stance, and  upon  the  obliquity  of  the  rays.  The  refracting  action 
of  water  is  readily  perceived  by  holding  a  rod  in  this  fluid,  some- 
what inclined  to  its  surface ;  at  the  point  where  it  touches  the 
water,  the  rod  will  appear  bent,  the  immersed  portion  taking  a 
direction  different  from  the  true  position  of  the  object.  Another 
fact  may  be  discovered  by  this  simple  means.  If  the  rod  be  held 
perpendicularly,  the  image  will  be  continued  through  the  fluid 
without  bending,  or,  in  other  words,  when  a  ray  of  light  passes 
perpendicularly  through  a  refracting  medium,  it  is  not  changed  in 
its  direction.  As  glass  spectacles  and  prisms  are  much  employed, 
it  may  be   useful  to  under 
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stand  the  peculiarities  of  their 
refracting  action.  A  piece  of 
plane  glass  merely  bends  the 
ray  ;  for  instance,  if  r  (Fig. 
9)  be  a  ray  of  light  falling 
at  a  upon  a  piece  of  plate 
glass,  instead  of  proceeding 
in  the  straight  line  to  b,  it  is 
drawn  out  of  this  course  by 

the  refracting  power  of  the  . 

body,  and  takes  the  new  direction  a  c,  but  after  emersion,  it  pro- 
ceeds onwards  in  a  line  parallel  with  its  original  route  ;  for  the 
glass  or  refracting  medium  only  constrains  it  so  long  as  the  ray 
remains  in  its  limits.      If  the 

glass  were  convex,  (a  convex  *  *  1U- 

lens,)  the  rays  would  be  simi- 
larly refracted  ;  but  the  issu- 
ing rays  would  be  brought 
together  after  emersion,  as  re- 
presented in  Fig.  10.  The 
point  of  union  is  remarkably  •♦«!„,„. 

brilliant  if  the  lens  be  large,  and  if  the  eye  be  placed  near  it,  there 
will  be  seen  a  magnified  image  of  the  object  from  which  the  rays 
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have  passed.  This  is  a  magnifying  glass,  and  has  the  same  opti- 
cal properties  as  the  crystalline  lens  of  the  eye.  But  in  the  eye, 
the  retina  is  not  placed  at  the  focus  of  the  lens,  but  beyond  ;  hence 
the   rays  fall  upon  it   after  condensation,  and  depict  an  inverted 

image,  as  will  appear  from 
Fig.  11.  the  figure  (Fig.  11),  in  which 

a  b  is  the  image,  a  c,d  e,  and 
b  f,  rays  proceeding  to  the 
convex  lens  of  the  eye;  here 
c  and  f  are  refracted,  and 
issue  to  meet  at  the  focus  g; 
subsequently,  they  diverge 
again,  carrying  a  picture  of 
the  parts  they  have  passed  from  to  the  retina  hj,  which  receives 
the  inverted  image.  For  distinct  vision,  it  is  necessary  that  the 
focal  point  should  bear  a  certain  ratio  to  the  distance  between  the 
posterior  surface  of  the  lens  and  the  retina,  differing  with  the 
size  of  the  organ;  if  this  distance  be  disturbed,  vision  becomes 
indistinct;  when  it  approximates  to  the  eye,  the  individual  sees 
distinctly  only  when  the  objects  are  at  a  considerable  distance. 
This  is  the  case  in  the  aged,  and  constitutes  the  defect  called 
presbyopia,  or  long-sightedness.  The  remedy  consists  in  the  use 
of  spectacles  with  convex  glasses,  which  aid  the  crystalline  lens 
in  reducing  the  focal  length.  The  convexity  of  the  lens  in  such 
persons,  will  be  found  diminished,  and  sometimes  this  will  amount 
to  flattening.  Where  the  crystalline  lens  is  removed  in  the  ope- 
ration for  cataract,  a  magnifying  glass  is  set  before  the  cornea  to 
refract  the  light  and  answer  its  purpose. 

If  the  figure  of  the  glass  be  concave,  the  reverse  effect,  or  that  of 
minifying,  takes  place.  Such  lenses  are  useful  where  the  defect 
called  myopia,  or  near-sightedness,  occurs.  The  crystalline  lens 
in  these  cases  is  too  convex,  and  its  focus  is  in  advance  of  the 
proper  point;  but  by  counteracting  this,  by  means  of  a  glass  which 
causes  the  rays  slightly  to  diverge  before  entering  the  eye,  the  true 
point  is  reached,  and  vision  made  clear.  Myopia  is  a  defect  of 
youth. 

The  most  valuable  instruments  of  the  optician,  as  the  micro- 
scope, camera  obscura  and  telescope,  are  combinations  of  these 
two  kinds  of  lenses.  The  microscope,  to  which  the  profession 
owes  so  much,  is  a  combination  of  two  or  more  convex  lenses. 
These  are  so  placed  as  to  observe  an  object  brilliantly  illumi- 
nated by  reflection  from  a  small  mirror,  or  by  the  condensed  rays 
of  a  large  lens.  It  is  the  adjustment  which  gives  to  the  instru- 
ment its  apparent  complexity,  the  principle  being  very  simple. 
The  optical  prism  is  a  long  piece  of  glass  having  three  equal 
des.     If  a  ray  of  the  sun's  light  be  made  to  pass  through  it  in 


sides. 
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certain  directions,  there  is  produced  an  elongated  image  of  great 
brilliancy,  and  containing  all  the  colors  of  the  rainbow.  This  is 
called  the  sun's  spectrum,  or  the  prismatic  spectrum.  If  the  prism 
ab  c  be  arranged  as  in  the  figure,  (Fig.  12,)  the  order  of  colors  will  be 


12. 


from  above  downwards  violet,  indigo,  blue,  green,  yellow,  orange, 
red.  In  this  experiment,  it  is  apparent  that  the  prism  refracts  the 
light,  but  that  in  consequence  of  the  difference  of  length  through 
the  glass,  along  which  the  upper  and  lower  parts  of  the  beam  passes, 
the  different  rays  are  separated.  The  violet,  indigo  and  blue  rays 
being  found  at  the  highest  parts  of  the  spectrum,  are  the  most 
refrangible,  the  red  and  orange  the  least  so.  But  the  most  remark- 
able result  is  that  the  white  or  yellowish-light  of  the  sun  is  by  no 
means  a  simple  emanation,  but  consists  of  at  least  seven  parts  dis- 
tinguished by  color,  refrangibility,  and  in  other  respects.  If  we  mix 
colored  powders  in  such  proportions  as  to  represent  these  seven 
rays,  there  will  be  produced  a  whitish  mixture.  Moreover,  if  a 
colored  light  be  examined,  it  will  be  found  to  contain  only  a  por- 
tion of  the  rays  of  the  spectrum. 

The  prism  is  by  no  means  the  only  contrivance  by  which  we 
can  separate  the  rays  of  light.  Any  reflecting  substance  which 
is  scratched  with  minute  lines  of  such  a  depth  that  they  bear  a 
relation  to  the  breadth  of  the  undulations  of  light,  will  exhibit 
the  colors  of  the  spectrum.  In  these  cases,  as  in  the  prism,  the 
lengths  of  the  paths  of  the  rays  are  unequal,  and  their  union, 
which  constitutes  white  light,  is  disturbed.  If,  instead  of  using 
scratches  or  plates  of  unequal  thickness,  we  interpose  in  the  path 
of  a  diverging  ray  of  light,  a  thin  opaque  body,  as  a  needle,  we 
find  that,  at  a  short  distance  behind  it,  the  shadow  ceases,  and  lines 
of  colored  light,  like  those  of  the  spectrum,  but  on  a  minute  scale, 
are  perceived.  If  the  light  employed  in  this  experiment  be  of 
one  color  only,  instead  of  the  bands  of  various  colors,  we  discern 
stripes  of  black,  and  of  the  color  employed.  This  constitutes 
the  famous  experiment  of  interference,  from  the  study  of  which 
the  undulatory  theory  of  light  has  been  proved,  and  the  wave 
lengths  determined.     The  existence  of  black  bands  where  there 
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should  be  light,  arises  from  the  interference  of  the  waves,  the  paths 
of  which  are  rendered  unequal  by  tbe  obstruction  of  the  opaque 
body.  The  effect  arises  in  this  case  precisely  as  in  the  case  of 
sound,  where  one  wave  having  a  length  slightly  greater  than  a 
second,  the  two  interfere,  producing  intervals  of  silence.  This 
experiment  is  readily  made,  the  means  necessary  being  two  tun- 
ing forks  of  the  same  note,  and  a  glass  containing  water,  and  vi- 
brating in  unison  with  the  instruments.  If  the  forks  be  sounded, 
and  held  over  the  glass,  they  produce  a  loud,  clear  and  uniform 
note,  representing  the  sum  of  their  vibrations.  But  if  we  in- 
crease the  weight  of  one  slightly  by  a  drop  of  sealing  wax,  and 
vibrate  them,  the  product  is  not  a  uniform  note,  but  a  sound  which 
swells  and  subsides,  and  in  which  there  are  intervals  of  silence  and 
of  increase.  By  altering  the  weights  of  the  forks,  we  have  made 
a  difference  in  their  tones,  not  amounting  to  a  whole  note,  but 
less  ;  hence  the  undulations  in  air  produced  by  them,  and  which 
constitute  sound,  are  not  uniform.  Their  paths  are  unequal, 
and  they  operate  upon  the  particles  of  air  with  different  effects, 
increasing  or  neutralizing  the  vibrations  and  the  sounds  resulting 
therefrom.  In  the  interference  of  light,  the  causes  and  effects  are 
similar,  but  the  phenomenon  takes  place  on  a  very  minute  scale. 
The  undulations  propagated  around  the  opaque  object,  have  paths 
of  different  lengths,  hence  they  come  in  collision,  and  the  result 
is  darkness  in  the  case  of  a  monochromatic  light,  whenever  the 
paths  differ  by  less  than  one  undulation,  or  bear  the  relations  of 
1  to  l!,  to  ?£,  to  3|,  &c. 

By  varying  this  experiment,  and  using  differently  colored  lights, 
we  find  that  the  stripes  vary  in  width,  being  widest  in  the  red 
and  orange,  and  narrowest  in  the  violet  and  indigo.  The  study 
of  these  and  similar  phenomena  furnished  Fresnel  with  the  means 
of  measuring  the  lengths  of  the  waves  of  different  colors.  If 
we  divide  an  inch  into  ten  millions  of  parts,  the  wave  lengths  will 
be  respectively, 

inch. 


For  the  red  ray, 

.     25G  parts,  or 

2U0 

10,UU0,UU0 

For  the  orange  ray, 
For  the  yellow  ray, 

.     240 
.     227 

u 
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For  the  blue  ray, 
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For  the  indigo  ray, 
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10,000,000 

For  the  violet  ray, 
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10,000,000 
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Hence  difference  of  color  has  a  capital  and  not  metaphysical 
origin,  being  due  to  the  lengths  of  the  undulations  originated  by 
any  force.  The  violet  undulations  are  the  most  minute,  the  red 
the  largest.  It  may  be  proper  to  remark,  that  beyond  the  least 
refrangible  limit  of  the  spectrum,  we  find  pure  heat  rays,  indicat- 
ing that  the  most  active  undulations  of  that  agent  have  a  greater 
wave  length  than  red  light.  The  amazing  rapidity  of  the  vibra- 
tions of  the  ether  in  the  propagation  of  light  will  now  appear. 
This  impression  is  communicated  at  the  rate  of  195,000  miles  in 
a  second  of  time,  and  each  wave  is  but  a  small  fraction  of  the  ten- 
millionth  of  an  inch.  From  these  numbers,  it  appears  that,  if  a 
second  of  time  be  divided  into  a  million  parts,  a  wave  of  violet 
light  vibrates  727  millions  of  times  in  this  interval.  The  play  of 
colors  seen  on  iridescent  minerals,  or  the  feathers  of  some  birds, 
and  on  insects,  arises  from  the  interference  of  rays  of  light.  A 
perfect  spectrum  may  be  obtained  from  a  piece  of  metal  regularly 
marked  with  close  lines,  and  when  it  is  produced  in  this  way,  it 
is  purer  than  that  of  the  prism.  In  the  interference  spectrum, 
the  bands  of  colors  are  of  equal  widths,  the  yellow  rays  occupy- 
ing the  centre,  whilst  in  the  prismatic  spectrum,  the  bands  are  very 
unequal. 

The  colors  of  ordinary  objects  depend  upon  the  relations  of 
their  surfaces  to  light,  some  absorbing  one  ray  and  reflecting  or 
transmitting  others.  Black  objects  absorb  all  the  rays,  polished 
white  surfaces  none  of  them.  The  colors  are  seldom  pure,  but 
are  commonly  a  mixture,  which  may  be  made  apparent  by  dis- 
persing a  beam  passing  from  them  by  the  prism. 

Many  minerals  and  other  transparent  objects  possess  a  remark- 
able action  on  light,  when  a  ray  is  passed  through  them  in  a  par- 
ticular manner  ;  it  emerges  as  two  beams,  one  of  which  is  refracted 
according  to  the  ordinary  power  of  the  body,  and  the  other  ac- 
cording to  a  different  force.  The  first  is  called  the  ordinary  ray, 
and  the  second,  the  extraordinary  ray.  Such  substances  are  said 
to  have  double  refraction.  Calcareous  spar  and  quartz  offer  fa- 
miliar instances  of  doubly  refracting  crystals  ;  if  either  of  these  be 
held  over  a  line  of  writing  in  a  certain  manner,  we  perceive  two 
images.  g 

The  two  rays  are  in  all  cases  changed  in  the  direction  of  their 
planes.  If  the  two  images  be  examined  by  a  tourmaline,  one  is 
found  to  disappear,  as  the  crystal  is  turned  around. 

If  a  tourmaline  be  held  in  a  certain  direction  before  a  radiant 
point,  light  passes  through  it;  but  if  another  tourmaline  be  now 
interposed  between  the  eye  and  emergent  beam,  and  turned  about, 
the  light  will  be  found  to  pass  in  some  directions  and  be  ob- 
structed, and  altogether  extinguished  in  others.  So,  by  reflecting 
liaht  at  peculiar  angles,  (for  glass  56°  45',  and  for  water  53°  11 ,) 
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it  will  be  found  that  a  portion  is  transmitted,  and  another  reflected, 
which  latter,  if  examined  by  another  reflecting  surface  of  glass,  is 
found  to  disappear,  not  being  reflected  as  we  turn  the  second  glass, 
called  the  analyzer,  around.  The  disappearance  takes  place  in 
two  positions,  when  the  plates  differ  in  their  angles  by  90°  F.  and 
180  degrees.  In  these  cases,  the  rays  are  said  to  be  polarized, 
and  the  process  is  termed  polarization.  It  may  be  effected  by 
the  action  of  doubly  refracting  minerals,  by  the  absorbent  action 
of  the  tourmaline  and  other  bodies,  and  by  reflection.  The  ef- 
fects observed  in  these  cases  are  attributed  to  the  specific  action 
of  the  mineral  particles  on  the  ether  in  which  light  is  propagated. 


THE  SUNS  LIGHT. 

The  beams  of  the  sun  contain,  besides  light,  other  forces,  dif- 
fering in  their  effects  on  matter.  Heat  may  be  discovered  in 
every  part  of  the  spectrum,  but  the  hottest  portions  are  in  the 
orange,  red,  and  beyond  the  luminous  parts.  We  find,  also,  that 
in  the  blue,  indigo  and  violet  portions,  there  exists  a  degree  of 
chemical  activity  much  greater  than  elsewhere.  If  these  rays 
be  made  to  fall  upon  the  chlorides,  bromides,  or  iodides  of  silver, 
gold  and  other  metals,  they  become  decomposed.  The  same 
rays  effect  the  union  of  chlorine  and  hydrogen,  frequently  with 
explosive  violence.  From  these  effects,  they  have  been  termed 
the  Chemical  rays,  or,  more  recently,  the  rays  of  tithonicity,  by 
Prof.  Draper.  Indeed,  tithonicity  has  been  advanced  as  a  new 
agent  or  imponderable  ;  but  this  view  is  opposed  to  the  undulatory 
theory; — the  results  being  produced  by  the  action  of  vibrations, 
conveyed  through  the  ether,  on  the  matter  of  the  chlorides  and 
bodies  susceptible  of  change,  and  not  by  a  new  agent;  and  depend- 
ing on  tl  ?  state  of  chemical  combination  more  than  on  anything 
else.  C  emical  changes  are  produced  also  by  other  parts  of  the 
spectrin" 

The  Paguerreotype,  and  other  processes  of  Photography,  for 
obtaining  pictures  by  the  sun's  action  on  metal  and  paper,  depend 
upon  this  chemical  power  of  light.  The  process  of  the  Daguerre- 
otype consists  in  acting  on  a  plate  of  copper  covered  with  silver, 
by  iodine,  which  yields  a  rich  yellow  deposit  of  iodide  of  silver. 
To  hasten  the  sensibility  of  this  covering,  the  prepared  plate  is 
brought  in  contact  for  an  instant  with  the  vapor  of  bromine,  or 
the  mixed  vapors  of  chlorine  and  iodine,  or  otherwise.  This  is 
done  in  a  dark  place.  The  plate  being  ready,  is  next  introduced 
into  a  camera  obscura,  already  adjusted  to  some  object,  and  being 
inserted  in  the  place  of  the  ground  glass  of  the  instrument,  it  re- 
ceives the  image.     The  lights  of  the  image  impress  the  sensitive 
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coat  of  iodide  and  bromide  of  silver  producing  decomposition, 
and  driving  the  iodine  and  bromine  deeper  into  the  metal,  but 
those  portions  which  are  in  the  shade  are  little  affected.  After  a 
minute  or  two,  depending  upon  the  power  of  the  light  and  pre- 
paration of  the  plate,  it  is  removed  and  placed  over  a  mercury 
bath,  to  receive  the  vapor  of  this  metal  heated  to  175°  F.  The 
mercurial  vapor  acts  upon  those  parts  of  the  silver  which  have 
been  rendered  free  by  the  action  of  light,  but  cannot  reach  those 
still  in  the  state  of  combination.  The  plate  is  next  washed  with 
hyposulphite  of  soda  to  separate  the  iodide  and  bromide,  and  destroy 
the  sensibility  of  the  surface.  After  this  operation  the  plate  pre- 
sents a  picture  in  white  and  black,  the  former  of  which  indicates 
the  parts  where  the  light  has  acted,  and  consists  of  an  amalgam 
of  mercury  with  silver,  whilst  the  black  portions  present  the  po- 
lished silver.  In  the  present  day,  the  silver  plate  is  coated  with 
gold,  by  means  of  the  chloride  of  gold,  dissolved  in  hyposulphite 
of  soda,  to  preserve  the  picture,  and  is  sometimes  colored  by 
dusting  different  powders  on  the  surface. 

Other  applications  of  the  same  principle  have  been  made  by 
Sir  John  Herschel,  Mr.  Talbot  and  Mr.  Hunt,  for  the  production 
of  pictures  on  paper.  This  department  of  the  art,  called  Photo- 
graphy, originated  many  years  since  with  Mr.  Wedgewood,  and 
Sir  Humphrey  Davy,  who  employed  a  solution  of  nitrate  of  silver 
which  turns  black  on  paper  in  the  sun's  light. 

Physiological  action  of  Light. — The  study  of  the  above  facts  is 
of  considerable  interest  to  the  physiologist.  The  structure  of  the 
human  eye  has  been  for  a  long  time  compared  to  a  camera  ob- 
scura,  and  agrees  in  its  parts  with  this  instrument.  The  cornea 
npd  iris  are  intended  to  limit  the  field  of  vision,  and  cut  off  those 
lateral  rays  which  would  confuse  the  picture  impressed  on  the  re- 
tina; they  have  the  same  function  as  the  tube,  which  is  placed  be- 
fore the  lens  of  the  camera.  The  humors  and  lens  cou  -titute  a 
refracting  arrangement,  answering  to  the  convex  lens  of  tW  instru- 
ment, and  the  retina  occupies  the  place  of  the  ground  glu.  a  which 
receives  the  image.  But  the  retina  cannot  be  compared  to  the 
ground  glass  of  the  camera  in  anything  except  position ;  it  receives 
the  picture,  but  not  passively.  There  are  changes  taking  place  on 
this  nervous  expansion  which  are  precisely  in  the  degree  of  the 
light  falling,  and  a  communication  by  undulation  is  made  to  the 
brain  of  the  effects  which  the  rays  of  light  are  producing  on  its 
..sensitive  surface.  This  portion  of  the  eye  is  closely  analogous 
■  to  the  Daguerre  plate.  It  consists  of  a  nervous  matter  which  un- 
dergoes chemical  change  in  proportion  to  the  intensity  and  color 
;of  the  light,  being  most  impressed  by  the  yellow  rays,  and  least 
by  the  violet ;  and  in  these  particulars  differing  from  the  iodized 
plate,  which  is  most  affected  by  the  indigo  and  violet  rays.  That 
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the  picture  is  not  passively  received,  will  appear,  by  considering 
ihe  action  of  intense  light,  which  disorganizes  the  molecules  of 
the  retina,  and  produces  inflammation.  In  this  tissue  as  in  every 
other  of  the  body,  there  is  provision  for  waste  and  repair,  and 
the  waste  takes  place,  as  in  them,  under  the  influence  of  a  chemi- 
cal cause,  which  in  this  case  resides  in  the  decomposing  action 
of  the  sun's  rays.  That  a  chemical  action  occurs,  may  be 
proved  by  the  fact,  that  the  retina  is  incapable  of  receiving  images 
in  rapid  succession.  There  must  elapse  a  space  of  time  amount- 
ing to  about  the  tenth  of  a  second,  between  the  perfect  and  con- 
secutive impression  of  two  objects,  and  if  the  time  be  much  less, 
confusion  occurs,  and  the  parts  of  the  two  become  blended. 

The  luminous  appearance  of  certain  insects,  as  the  lampyris, 
lire  fly,  and  glow  worm,  has  been  shown  by  Matteucci  and  others 
to  depend  upon  chemical  action,  in  which  oxygen  is  absorbed,  and 
carbonic  acid  evolved. 

The  curious  instinct  of  plants,  to  incline  their  leaves  and  stem 
towards  light,  and  the  movements  of  sensitive  plants  are  connected 
with  the  action  of  the  sun's  rays.  If  plants  grow  in  a  room 
lighted  only  on  one  side,  they  will  depart  from  their  accustomed 
upright  figure  and  bend  over  to  the  illuminated  side.*  This  effect 
I  have  discovered  to  depend  on  the  action  of  the  indigo  ray 
chiefly,  and  this  fact  also  furnishes  us  with  an  explanation  of  the 
upright  growth  of  most  vegetables,  the  blue  sky  being  a  radiant 
to  which  they  naturally  direct  themselves. 

But  there  is  no  chemical  effect  of  light  more  important  than 
that  taking  place  in  the  nutrition  of  plants.  To  the  leaves  of 
plants  there  is  brought,  by  the  action  of  the  roots  and  capillary 
attraction,  a  store  of  sap;  this  consists  of  water  with  carbonic  acid, 
saline  matters,  and  a  little  ammonia.  The  sun's  light  acting  on 
the  carbonic  acid,  in  the  presence  of  the  green  matter  of  the  leaf, 
decomposes  it,  an  effect  not  otherwise  attainable,  and  by  this 
means  brings  into  existence  those  compounds  of  carbon  and  water 
which  are  known  as  sugar,  starch,  gum,  and  which  are  products 
destined  to  sustain  the  life  of  man  and  animals.  There  is  no 
other  means  by  which  these  foundation  materials  of  life  can  be 
produced,  hence  it  is  by  no  means  infrequent  in  this  day,  to  speak 
of  the  sun  as  the  Fountain  of  life.  In  the  paper  referred  to,  I 
have  shown  that  the  green  matter  of  the  leaf,  called  chlorophylle, 
is  brought  into  existence  by  the  action  of  the  yellow  ray  of  light, 
which  is  also  operative  in  decomposing  carbonic  acid,  as  Prof. 
Draper  has  proved.     Being  the  active  agent  in  the  production  of 

•  This  subject  with  the  action  of  light  generally  on  plants,  was  made  the 
subject  of  a  memoir  by  me,  and  printed  in  the  London  and  Edinburgh  Philo- 
sophical Magazine,  and  Silliman's  Journal  for  1844,  to  which  the  reader  ia 
referred  for  the  full  particulars. 
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the  organic  compounds  of  plants,  it  is  not  surprising  that  the  vigor 
of  development  in  vegetation  should  depend  chiefly  on  light. 

We  have  thus  pointed  out  a  difference  hetween  the  chemical 
and  physical  effects  of  the  rays  of  light.  It  would  appear  that, 
whilst  the  most  refrangible  rays,  the  blue,  indigo,  and  violet,  and 
the  space  beyond  them,  are  influential  in  producing  changes  in 
the  mineral  compounds  of  the  daguerreotype,  and  in  the  inclina- 
tion of  the  stem,  and  movement  of  the  leaves  of  plants — the  yel- 
low, green,  and  orange  rays,  occupying  the  central  portions  of  the 
spectrum,  govern  organic  combinations;  producing  by  their  un- 
dulations, the  chemical  changes  in  which  existence  originates, 
affecting  the  retina,  and  governing  the  capacity  of  vision — whilst 
the  least  refrangible,  the  orange  and  red  rays,  and  the  space  be- 
yond them,  take  on  an  action  allied  to  heat,  being  far  more  active 
in  the  production  of  chemical  and  physical  effects,  and  as  re- 
gards the  human  body,  awakening  the  sensation  of  heat.  It  was 
formerly  the  habit  of  writers,  to  speak  of  the  solar  spectrum  as 
consisting  of  three  or  more  agents,  and  to  distinguish  between 
the  spectrum  of  heat,  of  light,  of  chemical  action,  or  tithonicity, 
and  of  phosphorescence ;  but  we  incline  to  the  view  of  Melloni, 
Becquerel,  and  others,  that  these  are  effects  depending  on  the  con- 
stitution of  the  matter,  rather  than  attributable  to  the  independent 
existence  of  numerous  imponderables.  These  effects  are  not 
confined  to  the  sun's  light,  but  are  produced  by  light,  derived 
from  intensely  heated  sources,  or  highly  phosphorescent  sub- 
stances, as  lime,  baryta,  strontia,  or  magnesia,  heated  by  the  oxy- 
hydrogen  blow-pipe.  This,  with  other  facts,  point  out  the  na- 
ture of  the  sun,  and  confirm  us  in  the  conclusion  that  he  consists 
of  a  mass    at  an  intense  temperature. 

Light  can  scarcely  be  considered  a  therapeutic  agent,  but  its 
action  on  man  is  not  altogether  unimportant.  Its  absence  creates 
a  degree  of  gloominess  in  the  mind,  which  is  remarkably  per- 
ceptible in  the  melancholic,  whilst  its  presence  excites  the  senses, 
and  increases  the  activity  of  the  brain.  A  cheerful  light  is  of 
great  service  to  the  cachectic,  and  those  suffering  from  despond- 
ency, and  insolation  has  been  recommended  on  physiological 
grounds  to  those  laboring  under  scrofula,  and  anaemia;  and  is 
highly  conducive,  according  to  Edwards,  towards  removing  rickets 
in  young  children.  It  has  been  demonstrated  that  the  develop- 
ment of  animals,  as  well  as  plants,  is  connected  with  free  expos- 
ure to  light.  On  the  other  hand,  absence  of  light  acts  as  a  seda- 
tive, conducing  to  sleep,  and,  associated  with  quietude,  is  very 
important  in  the  treatment  of  irritation  of  the  brain  or  nerves, 
after  parturition,  and  severe  accidents  and  operations.  In  most 
diseases  of  the  eye,  darkness  is  an  essential  part  of  the  treatment. 
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The  color  of  the  glasses  of  spectacles,  when  the  eyes  are  weakly, 
is  also  worthy  of  attention.  We  find  amber,  green,  and  blue 
glasses  used,  but  these  are  manifestly  different  in  their  effects. 
The  amber-colored  and  green  glasses,  allow  the  active  rays  of 
light  to  pass,  and  rather  exalt  the  chemical  action  on  the  retina; 
but  a  light  blue,  by  absorbing  the  yellow,  orange,  and  green  rays, 
is  well  calculated  to  protect  the  eye.  The  blue  also  acts  by  stop- 
ping the  passage  of  a  portion  of  the  heat  rays,  which  enter  through 
an  amber-colored  medium. 

In  amaurosis,  the  defect  of  vision  occasionally  arises  from 
want  of  activity  in  the  retina;  and  the  employment  of  a  strong 
light  has  been  found  by  Hufeland  to  effect  a  cure,  when  all  other 
means  failed  ;  but  this  agent  is  to  be  used  only  after  a  thorough 
diagnosis, 
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The  number  of  facts  in  electricity,  is  extremely  numerous 
but  we  have,  by  no  means,  as  good  an  idea  of  this  agent  as  of 
light  and  heat.  There  appears  to  be  little  doubt,  that  it  is  a  force 
propagated  by  undulations  with  immense  rapidity,  and  that  it 
produces,  like  heat  and  light,  both  physical  and  chemical  ef- 
fects, but  the  difference  of  its  action  on  matter,  makes  it  more 
difficult  to  sustain  any  theory  in  electricity.  We  are  also  ig- 
norant of  radiant  electricity,  except  in  the  interstitial  variety, 
(conduction)  and  this  impedes  the  application  of  the  undulatory 
hypothesis  ;  nor  do  the  ideas  of  Franklin  and  Dufay,  that  it  is  one 
or  two  fluids,  serve  us  better.  The  views  of  most  chemists  are, 
therefore,  not  matured  on  this  subject,  and  we  believe  that  Pro- 
fessor Hare*  has  been  the  first,  formally  to  announce  his  adhe- 
sion to  the  polar  or  undulatory  theory,  in  some  degree  sustained 
by  the  researches  of  Faraday. 

The  subject  divides  itself  naturally  into  two  parts:  1.  Com- 
mon Electricity,  2.   Galvanism. 

§   1.    COMMON    ELECTRICITY. 

The  term,  common  or  statical  electricity  is  employed  to  distin- 
guish the  electrical  phenomena  which  result  from  friction,  pressure, 
or  an  alteration  in  the  aggregation  of  the  molecules,  in  non-con- 
ducting bodies. 

If  a  cylinder  of  glass,  resin,  sulphur  or  shell-lac  be  rubbed 
with  a  piece  of  silk,  fur,  or  woolen  cloth,  both  acquire  the  pro- 
perty of  attracting  light  particles  of  paper,  cork,  pith  and  other 
substances.  This  affords  an  illustration  of  a  capital  electrical 
effect  called  attraction,  and  is  a  test  of  the  presence  of  this  agent, 
every  case  of  molecular  attraction  being  attributable  to  the  action 
of  electricity.  But  if  we  suspend  a  feather,  or  light  pith  ball 
from  a  stand,  and  bring  any  of  the  above  substances  excited  by 
friction  towards  it,  two  actions  will  ensue,  the  object  will  at  first 
move  towards  the  electric,  and  subsequently  move  away,  appear- 

*  In  his  pamphlet,  entitled  "  Objections  to  the  theories  severally,  of  Franklin, 
Dufay,  and  Jlmpere,  with  an  effort  to  explain  electrical  pltenomena,  by  statical,  or 
undulatory  polarization,"  Philadelphia,  1848. 

6* 
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ing  to  be  repelled.  Hence  repulsion  as  well  as  attraction  fol- 
lows as  an  electrical  effect.  It  is  also  worthy  of  observation  that 
those  bodies  which  have  come  in  contact  with  one  of  the  excited 
substances  repel  one  another,  but  those  which  have  been  acted 
on  by  the  dissimilarly  electrified  substances  attract  each  other, 
or  like  electricities  repel,  and  unlike  attract.  It  is  not  necessary 
for  the  production  of  electrical  excitation,  that  the  bodies  be  dif- 
ferent, for  one  piece  of  dry  silk  tissue  may  be  made  to  excite 
another,  one  piece  of  brown  paper  another,  one  glass  another. 
In  such  cases  the  two  will  adhere  together.  The  condition  ne- 
cessary is  that  the  body  be  not  a  conductor  of  electricity,  for 'in 
this  case  the  agent  would  pass  off  by  interstitial  radiation  as  fast 
as  it  was  excited,  and  produce  none  of  the  local  disturbances  in 
which  the  phenomena  of  attraction  and  repulsion  arise.  Matter 
is  therefore  divisible  into  two  classes  in  electricity. — 1.  Electrics. 
— 2.  Conductors. 

Electrics  are  bodies  which  exhibit  excitement  by  friction,  they 
are  also  called  insulators,  because  the  effects  of  the  electricity  are 
retained  on  them,  and  do  not  pass  off.  It  is  also  practicable  to 
retain  the  electrical  condition  on  a  conductor,  by  surrounding  it 
with  electrics — this  is  called  insulation.  The  brass  conductor  of 
an  electrical  machine  is  supported  by  glass  and  surrounded  by  air, 
which  are  non-conductors.  Hence  it  is  like  an  island  (insula)  cut 
off  from  connection  with  other  conductors,  and  compelled  to  re- 
tain its  charge.  Excitation  takes  place  in  conductors  or  non-elec- 
trics if  they  be  insulated.  The  chief  electrics  are  glass,  resins, 
sulphur,  amber,  animal  and  vegetable  matters  when  perfectly  dry, 
dry  air,  hair,  feathers,  furs.  These  are  nearly  incapable  of  con- 
ducting any  kind  of  electricity. 

2.  Conductors  or  non-electrics  are  those  bodies  in  which  the 
electricity  generated  by  friction  or  otherwise  is  radiated  or  con- 
ducted away.  These  cannot  exhibit  attraction  or  repulsion  un- 
less insulated.  Bodies  differ  considerably  in  conducting  power, 
the  metals  being  best;  hard  charcoal,  fused  saline  bodies,  and  strong 
acids  are  also  fair  conductors ;  whilst  water  and  bodies,  whether 
animal,  vegetable,  or  mineral,  moistened  with  it,  are  the  poorest. 
The  human  body  is  a  conductor,  although  not  of  the  best  order. 
Silver,  copper,  and  gold,  are  the  best  of  all  conductors. 

The  rapidity  with  which  electrical  excitement  is  propagated  in 
a  good  conductor  is  equal  to  the  passage  of  light  by  radiation,  or 
195,000  miles  in  a  second ;  indeed  by  some  the  rapidity  is  thought 
greater.  This  rapid  passage  is  demonstrated  by  the  action  of  the 
electrical  telegraph. 

The  Electrical  Machine. — The  electrical  machine  is  a  contri- 
vance for  obtaining  a  considerable  electrical  disturbance,  and  ob- 
serving the  properties  of  this  agent  when  developed  on  a  large 
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scale.  It  consists  of  a  cylinder  or  circular  plate  of  glass  of  con- 
siderable size,  mounted  in  such  a  manner  as  to  be  capable  of  rapid 
rotation.  The  glass  moves  with  friction  between  cushions  or 
rubbers  of  leather,  or  silk,  which  are  usually  anointed  with  an 
amalgam  of  tin,  zinc,  and  mercury,  or  with  mosaic  gold  (the  bisul- 
phuret  of  tin).  These  are  the  parts  which  generate  the  elec- 
tricity, and  the  machine  is  set  in  action,  when  the  plate  or  cylin- 
der is  rapidly  rotated.  But  it  is  necessary  that  an  insulated  con- 
ductor should  be  placed  at  some  part  of  the  glass  to  receive  the 
electrical  disturbance,  and  serve  as  a  condenser  where  the  excite- 
ment may  be  accumulated.  This  is  usually  a  cylinder  of  brass, 
or  of  wood  covered  with  tin  foil,  with  rounded  ends,  and  sup- 
ported on  glass  legs  ;  it  is  called  the  prime  conductor.  Connected 
with  the  rubbers  is  also  in  many  machines  a  second  conductor 
which  may  be  insulated  or  not.  The  figure  represents  a  modern 
plate  machine  of  good  construction. 

Fig.  13. 


Hence  this  instrument  does  not  differ  in  reality  from  the  sim- 
ple contrivance  of  rubbing  a  glass  tube  with  a  piece  of  silk.  But 
when  set  in  action,  we  perceive  several  effects  which  cannot  be 
developed  on  a  smaller  scale.  Not  only  are  attraction  and  repulsion 
made  apparent,  but  sparks  are  thrown  off,  and  a  prickly  sensation, 
sometimes  amounting  to  a  sudden  spasm,  is  produced  in  animals 
when  the  excited  conductor  is  touched.   Hence  the  electrical  spark, 
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or  where  this  is  not  clearly  seen,  a  crackling  noise,  the  phenom- 
ena of  attraction  and  repulsion,  and  the  shock  are  capital  tests  of 
electrical  disturbance  when  produced  by  friction.  They  are  said 
to  be  the  results  of  electricity  of  tension,  as  distinguished  from 
other  effects  produced  by  large  galvanic  batteries,  such  as  the  pro- 
duction of  heat,  which  is  said  to  be  an  effect  of  electricity  of  quan- 
tity; the  term  tension  or  intensity  being  used  to  distinguish  the 
effects  of  the  machine,  and  quantity  those  of  certain  galvanic  bat- 
teries. The  power  of  a  machine  is  measured  by  the  length  of 
spark  it  will  give,  or  the  striking  distance  of  the  spark. 

The  study  of  the  electrical  machine  divides  itself  into  two  parts, 
1st,  the  cause  of  the  disturbance  on  the  glass  and  silk,  and  2d, 
the  action  of  the  prime  conductor. 

The  cause  of  the  electrical  disturbance  is  the  friction  or  mo- 
tion partly,  but  where  the  rubber  is  smeared  with  amalgam,  this 
acts  likewise,  being  chemically  changed.  Confining  ourselves  to 
the  action  of  friction,  all  that  it  is  necessary  to  explain,  is  that  its 
operation  on  the  surface  of  the  glass  or  electric  is  to  produce 
molecular  disturbance.  Whether  we  conceive  the  atoms  to  be 
torn  off  from  the  surface,  or  merely  pressed,  the  physical  action 
must  produce  a  result.  It  is  well  known  that  friction  on  many 
bodies  produces  heat;  this  is  especially  the  case  with  the  metals, 
which  when  filled  become  rapidly  warmed.  If  then  heat  and 
electricity  are  associated  in  numerous  respects,  it  will  scarcely 
surprise  us  that  an  action  which  will  engender  heat,  may  alto  pro- 
duce electricity.  By  friction,  then,  and  indeed  by  every  applica- 
tion of  physical  force,  and  in  all  bodies  is  electricity  disturbed. 
This  disturbance  commences  in  the  universal  ether,  which  is  in 
the  simplest  case  thrown  into  vibrations  by  the  physical  force. 
The  vibrations,  if  there  be  no  interference,  will  be  communicated 
and  create  a  wave ;  this  is  the  case  in  conductors  of  electricity,  a 
result  precisely  similar  to  that  occurring  in  the  case  of  heat.  And 
the  connection  is  closer,  for  the  best  conductors  of  heat  are  like- 
wise the  best  conductors  of  electricity.  But  it  has  been  shown 
that  glass  and  electrics  are  non-conductors,  hence  in  such  cases 
the  vibrations  of  the  ethereal  fluid  cannot  be  propagated,  and  as 
in  the  case  of  heat,  electricity  acts  upon  the  molecules  of  the  glass, 
inducing  in  them  a  new  state.  This  new  state  we  term  the  elec- 
trical condition,  and  it  may  be  said  in  a  few  words,  that  there  is 
every  reason  to  believe  that  it  consists  in  a  movement  of  the  mole- 
cules of  the  matter  upon  their  axes.  Conceiving  the  molecules 
of  matter  to  be  indefinitely  small  spheres,  passive  to  force,  we 
can  understand  that  whenever  union  takes  place  between  them  to 
constitute  a  mass,  or  when  several  are  combined,  there  must  be 
some  sufficient  force  to  hold  them  together.  This  is  called  co- 
hesion, simple  affinity,  or  the  affinity  of  aggregation.   Whatever 
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be  the  name,  it  is  a  force.  It  cannot  be  heat,  for  this  expands 
matter  and  dissevers  particles ;  it  is  not  light,  for  the  phenomena  of 
attraction  are  not  exhibited  by  this  agent,  hence  it  is  now  under- 
stood to  be  electricity.  The  atoms  are  supposed,  under  the  in- 
fluence of  this  force,  to  arrange  themselves  in  determinate  direc- 
tions, each  manifesting  at  one  of  its  sides  an  attractive  influence, 
and  on  the  opposite  side  a  repulsive  or  different  action,  and,  ac- 
cording to  the  general  proposition  of  electricity,  the  unlike  sides 
attracting,  and  the  like  repelling.  Now  friction  maybe  supposed 
to  overcome  this  affinity,  and  thus  set  free  the  electricity  which 
caused  it. 

Electrical  Polarity  and  the  Magnet. — As  this  is  a  funda- 
mental hypothesis  in  electricity,  it  may  be  useful  to  support  it  by 
a  little  further  consideration.  Let  the  spheres  a  b  c,  represent 
atoms  of  matter,     a  may  be  taken  to  represent  the  abstract  atom  ; 

Fig.  14. 
a  b  c 


in  this  state  it  merely  occupies  space,  has  impenetrability,  definite 
figure,  &c. ;  but  it  can  exert  no  influence  upon  any  other  atom; 
it  possesses  inertia.  In  nature  there  exists  no  such  abstract  atom. 
On  the  contrary,  all  atoms  exhibit  attraction  or  repulsion  to  other 
atoms;  this  satisfies  us  that  there  is  something  operating  on  every 
molecule,  and  that  it  is  a  force.  Hence  the  atom,  practically,  is 
always  associated  with  force,  and  this  may  be  represented  in 
figure  b,  by  dividing  it  by  a  line,  and  conceiving  that  the  force 
operates  differently  on  either  side.  That  on  the  one  side,  it 
renders  it  attractive  to  those  molecules  which  are  repelled  by 
the  opposite  side.  The  force  will  be  dispersed  over  the  surface 
of  the  sphere,  but  more  concentrated  at  two  opposite  points, 
(Fig.  c.)  p  p',  which  are  called  its  poles,  and  the  line  between 
these  is  termed  the  axis  of  the  molecule.  Such  a  molecule  may- 
be likened  to  a  geometrical  globe ;  the  line  representing  the  di- 
vision between  the  two  parts  is  the  equator,  the  points  of  greatest 
activity  are  the  poles,  and  the  line  between  them  the  axis  of  the 
globe:  to  continue  the  simile,  the  molecule  maybe  changed  in  di- 
rection by  the  application  of  force,  and  it  may  revolve  around  its 
axis  without  disturbance  of  position,  as  respects  the  poles;  or  the 
axis  itself  may  be  made  to  revolve,  causing  the  poles  to  change 
their  places  with  respect  to  surrounding  atoms,  or  both  motions 
may  occur  at  the  same  time,  under  the  influence  of  two  forces. 
The  student  will  now  understand  what  is  meant  by  the  polarity 
of  atoms,  and  by  electrical  polarization. 
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A  familiar  instance  of  the  polarity  of  particles  is  offered  in  the 
magnet.  There  is  a  natural  magnet,  which  is  an  ore  of  iron ;  the 
artificial  magnet,  made  by  rubbing  a  piece  of  steel  in  certain  di- 
rections with  the  ore,  and  also  by  other  processes;  and  thirdly  the 
magnet  formed  by  the  action  of  electrical  induction  or  the  elec- 
tro-magnet. In  each  of  these  we  find  that  one  end  of  the  mag- 
net possesses  different  properties  from  the  other,  and  if  we  bring 
first  one  end  and  then  the  other,  to  a  magnetic  needle,  it  will  be 
attracted  by  one  and  repelled  by  the  other.  The  ends  of  the 
magnet  are  therefore  called  by  different  names,  one  being  the 
marked  end,  North,  or  boreal  pole,  and  the  other  the  south,  or 
austral  pole.  When  like  poles  are  brought  together,  repulsion 
occurs  ;  when  unlike,  attraction,  which  is  the  fact  in  every  case 
of  electrical  disturbance.  That  this  is  an  instance  of  electrical 
action,  can  be  shown  by  the  instantaneous  production  of  a 
magnet,  by  the  action  of  electricity.  Nor  is  this  diversity,  or 
polar  action  peculiar  to  masses,  for,  if  we  reduce  the  magnet 
to  the  size  of  a  fine  needle,  it  will  be  apparent,  and  if  this  be 
broken  in  a  number  of  pieces,  each  part  exhibits  a  positive  and  a 
negative  pole.     Hence,  a  magnet  is  made  up  of  one  or  more  rows 

of  atoms,  every  one  of  which 
Fig.  15.  atoms    has     polarity.      The 

figure  (15)  represents  the  the- 
oretical structure  of  the  mag- 
net; it  consists  of  atoms,  each 
of  which  has  a  positive  and 
negative  side  and  poles,  re- 
presented by  the  white  and  black  parts ;  the  atoms  in  the  same 
line  or  axis,  are  united  by  their  dissimilar  poles,  so  that  the  ends 
of  the  magnet  consist  of  negative  or  positive  sides  only.  The 
power  of  the  N  and  S  poles,  depends  upon  the  free  ends  of  the 
atoms  which  are  not  in  union,  and  which  exercise  at  all  times 
attractive  or  repulsive  powers  towards  certain  bodies. 

The  dependence  of  the  polar  state  upon  the  action  of  a  force, 
is  made  apparent  by  the  fact,  that  the  magnetism  of  a  bar  of  steel 
may  be  destroyed  by  striking  it,  applying  heat,  or  passing  a  strong 
current  of  electricity  through  it,  in  a' direction  opposed  to  the  ar- 
rangement of  the  atoms.  Indeed  one  magnet  will  neutralize 
another,  if  they  be  placed  above  each  other,  and  in  opposite  di- 
rections. 

The  polarities  of  the  magnet  affect  circumambient  matter,  as 
may  be  seen  by  dipping  either  end  into  fine  iron  dust,  when  particles 
of  the  iron  will  adhere.  If  we  place  a  sheet  of  paper,  or  a  pane 
of  glass,  over  a  bar-magnet,  and  sprinkle  it  with  fine  iron  filings. 
they  arrange  themselves  in  regular  lines,  (Fig.  16,)  each  atom  of 
iron  acquiring  regular  polarity.    Hence  the  electrical  force  of  the 
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magnet  is  capable  of  producing  effects  beyond  the   steel,  and  if 
we  measure  them,  we  find  that  they  diminish,  as  in  the   case  of 

Fig.  16. 


heat  and  light,  inversely  as  the  squares  of  the  distance.  The 
connection  between  these  forces  is  further  increased  by  the  fact 
that  some  bodies  allow  the  passage  of  the  magnetic  influence,  as 
paper  and  glass  ;  whilst  others,  as  iron,  and  probably  cobalt  and  • 
nickel,  will  not  let  it  pass,  but  retain  or  absorb  it,  giving  out  elec- 
trical effects.  In  the  same  way,  then,  that  blue  glass  absorbs 
some  rays  of  light,  and  becomes  colored  thereby,  iron  and  steel 
absorb  electricity  and  become  magnetic.  The  space  immediately 
around  a  magnet,  is  called  the  magnetic  atmosphere  ;  and  objects 
in  this  space  are  subjected  to  a  radiant  influence,  which  is  of  an 
electrical  kind. 

From  the  study  of  the  magnet,  we  therefore  arrive  at  three  con- 
clusions : 

1st.  That  atoms  under  the  influence  of  the  electrical  force  ex- 
hibit polarity. 

2d.  That  when  the  force  is  considerable,  the  polar  influence 
may  reach  distant  objects,  and  affect  them,  producing  electrical 
excitement  by  induction. 

3d.  That  this  radiant  influence  may  be  transmitted,  or  other- 
wise, according  to  the  nature  of  the  matter  ;  glass  allowing  it  to 
pass,  whereas  iron  does  not. 

These  facts  are  important  in  every  portion  of  electrical  or  che- 
mical science,  for  the  latter  is  but  a  part  of  electricity.  It  has 
been  pointed  out,  that  cohesion,  or  the  simple  aggregation  of 
matter,  is  the  effect  of  a  force  which  we  infer  to  be  the  electrical 
force  ;  it  will  be  shown  in  the  sections  on  chemical  action  and 
capillary  attraction,  that  these  are  likewise  cases  of  electrical  ac- 
tion. Or,  in  other  words,  that  simple  cohesion,  complex  cohesion, 
or  capillary  attraction,  and  chemical  affinity,  are  cases  of  elec- 
trical action,  differing  principally  in  degree. 

To  return  to  the  electrical  machine.  The  glass,  by  friction,  has 
its  ether  thrown  into  motion;  this  motion  not  being  propagated, 
because  glass  is  a  non-conductor,  affects  the  molecules  of  the 
plate.     It  is  analogous  to  the  action  of  heat  on  a  non-conductor, 
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the  vibrations  not  being  propagated,  the  body  expands,  or  even 
burns,  because  of  the  force  operating  on  the  matter.  Hence,  in 
the  machine,  the  atoms  of  the  glass  are  put  into  a  new  state,  by 
an  increase  of  force;  they  may  be  supposed  to  be  thrown  into 
revolution,  or  to  have  their  polar  axes  disarranged.  The  same 
occurs  in  the  rubbers. 

The  Prime  Conductor. — We  are  now  prepared  to  understand 
the  office  of  this  part  of  the  machine.  The  forced  atomic  state 
of  the  glass,  cannot  be  equalized,  except  after  some  time,  in  the 
air  ;  because  air  and  the  glass  are  non-conductors.  But,  by  placing 
near  to  the  surface  of  the  plate,  the  branches  of  the  prime  con- 
ductor, which  are  usually  furnished  with  numerous  metallic  spikes, 
the  glass,  as  each  portion  passes  near  the  spikes,  propagates  some  of 
the  electrical  influence  with  which  it  is  charged.  The  atoms  of  the 
glass  may  be  supposed  to  fall  back,  more  or  less  completely,  into 
their  unexcited  state.  This  depends  upon  the  rubber  and  conduct- 
or; if  both  are  insulated,  electrical  phenomena  are  little  developed, 
and  polar  effects  in  each  part  of  the  machine  arise  ;  but  when 
the  rubbers  are  put  in  connection  with  conductors,  so  that  every 
disturbance  on  that  side  is  neutralized  by  its  rapid  propagation, 
the  molecules  of  the  glass  are  nearly  relieved  in  the  first  turns  of 
the  instrument.  When  both  the  rubber  and  prime  conductor  are 
insulated,  one  is  found  to  exhibit  positive,  and  the  other  negative 
electricity,  and  the  machine  may  be  likened  to  a  magnet,  of  which 
these  parts  are  the  poles.  We  find  them,  like  the  poles  of  the 
magnet,  exhibiting  attraction  and  repulsion  dissimilarly,  and  ex- 
erting polar  effects. 

To  obtain  an  active  electrical  state,  the  rubber  must  be  con- 
nected by  a  conductor  to  some  mass,  as  the  earth,  which  will  be 
scarcely  affected  by  its  disturbance,  so  that  its  polarity  may  be 
neutralized  at  every  turn.  The  excited  glass  discharges  a  portion 
of  its  force  on  the  spikes  of  the  conductor;  this  is  propagated  to 
all  parts,  and  polar  disturbance  soon  arises,  because  the  metal  is 
insulated.  With  each  turn,  this  polar  disturbance  increases;  it  is. 
rapidly  communicated  to  the  air,  and  finally  it  becomes  so  in- 
tense, that  molecular  action  occurs  in  the  air ;  a  brush  of  light 
darts  off  the  conductor  at  any  projecting  part,  or  a  flash  of  elec- 
tricity takes  place  to  any  conductor  within  a  few  inches.  This 
is  the  discharge  of  the  prime  conductor.  The  flash,  or  spark,  is 
an  effect  of  the  molecular  disturbance  ;  it  is  not  the  electricity, 
but  is  a  result  of  compression  and  chemical  action  on  the  air, 
arising  from  electrical  force,  and  attended  by  the  production  of 
light,  heat,  and  chemical  effects.  The  sound  accompanying  the 
spark,  is  due  to  the  concussion  of  the  air,  and  is  produced  in 
the  same  way  as  the  thunder  which  accompanies  the  flash  of 
lightning.  That  physical  effects  are  produced  by  the  excited 
conductor,  may  be  readily  shown :  for,  if  we  adapt  to  it  a  rod 
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terminating  in  a  point,  a  current  of  air  will  issue  from  the  point, 
when  the  instrument  is  in  action,  whieh  may  even  blow  out  a  can- 
dle. Again,  if  melted  sealing-wax  be  placed  on  the  prime  conductor, 
and  the  machine  set  in  action,  the  wax  will  be  spun  out  in  fine 
threads,  being  projected  to  the  nearest  conductors.  Many  pretty 
electrical  toys  are  made  to  illustrate  this  fact;  such  as  the  elec- 
trical tree;  the  electrical  orrery. 

The  air  around  every  excited  body  is  disturbed,  the  molecules 
being  polarized  in  a  direction  opposite  to  the  insulated  conductor, 
and  serving  by  pressure  to  retain  the  charge  on  the  prime  con- 
ductor. As  the  excitation  increases,  the  pressure  of  the  air  in- 
creases. This  phenomenon  is  also  perceptible  in  other,  if  not  in 
all  electrics;  it  takes  place  in  glass,  paper,  and  resins.  But  as  we 
have  seen,  in  the  discharge  of  the  prime  conductor;  there  is  a 
point  where  a  limited  stratum  of  an  electric  cannot  retain  a  charge. 
The  spark  or  discharge  occurs  through  air,  tearing  it  asunder  ;  it 
also  takes  place  through  glass,  breaking  it  in  pieces,  and  will  per- 
forate a  piece  of  card  board  with  great  facility.  And  if  we  use 
a  card  glazed  with  carbonate  of  lead,  we  find  that  the  electrical 
discharge  not  only  produces  the  mechanical  effect  of  tearing  a 
hole  through  it,  but  the  chemical  action  of  decomposing  the  car- 
bonate of  lead,  and  producing  a  black  stain.  Numerous  instances 
of  chemical  change  may  be  given,  as  the  combination  of  oxygen 
with  hydrogen  to  form  water,  oxygen  with  nitrogen  to  form  nitric 
acid,  the  burning  of  cotton,  ether,  and  other  bodies. 

Electrical  Induction. — The  molecular  disturbance  giving 
rise  to  the  phenomena  of  electricity  is  propagated  in  every  direc- 
tion, and  induces  similar  changes  in  surrounding  matter.  If  the 
excited  parts  are  in  contact  with  conductors,  there  is  an  electrical 
wave  propagated,  whatever  be  their  length,  and  we  are  not  cogni- 
zant of  any  action  unless  the  continuity  be  interrnpted,  then  it 
will  be  found  that  the  dissevered  ends  exhibit  polarity.  If  the  con- 
ductor be  poor,  as  water,  or  moist  animal  substances,  the  propa- 
gation becomes  impeded,  and  chemical  decomposition,  disturb- 
ance of  aggregation,  or  other  effects  arise.  The  spasmodic  action 
denominated  a  shock,  takes  place  if  the  human  body  be  the  con- 
ductor. On  the  other  hand,  if  the  excited  substance,  for  instance, 
ihe  prime  conductor  of  the  machine,  be  surrounded  with  non-con- 
luctors,  or  di-electrics,  a  wave  cannot  be  propagated,  but  the  mole- 
:ules  of  the  body  are  each  affected,  and  arrange  themselves  in  a 
nanner  similar  to  the  particles  of  iron  acted  on  by  a  magnet. 
3rofessor  Hare,  in  the  memoir  before  cited,  adopts  the  idea  that 
his  difference  of  conduction,  or  molecular  arrangement,  may  arise 
rom  the  state  of  the  universal  ether  in  the  two  classes  of  bodies, 
n  conductors  it  being  condensed,  and  in  dielectrics  rare.  It  would 
.ppear,  however,  to  be  also  connected  with  the  facility  with  which 
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the  polar  state  is  assumed,  conductors  taking  it  on  readily,  whilst 
non-conductors  are  more  slowly  but  permanently  affected. 

The  propagation  of  the  electric  influence  through  air,  glass, 
resins,  sulphur,  and  dielectrics,  affects  conductors  placed  at  a  dis- 
tance from  the  excited  body,  inducing  in  them  electrical  disturb- 
ance.    Hence  induction  is  one  of  the  chief  means  of  producing 


free  electricity.  In  the  figure  (17),  m  represents  the  prime  con- 
ductor of  an  electrical  machine;  it  is  powerfully  excited,  and  has 
the  -f ,  plus,  positive  or  vitreous  electrical  polarity;  it  is  insulated 
below  by  a  glass  stem,  and  around  by  air,  which  is  one  of  the  best 
dielectrics  when  dry.  The  atoms  of  the  surrounding  air  have  their 
polarity  so  affected,  that  on  the  sides  towards  the  conductor  they 
are  negative  or  resinous,  and  on  the  remote  sides  positive.  The 
row  of  atoms  lying  between  m  and  c,  which  is  an  insulated  me- 
tallic conductor,  are  affected  in  this  way,  all  the  sides  towards  m 
being  resinous  (»•)  or  positive:  c  is,  therefore,  rendered, — ,  nega 
tive  on  the  side  nearest  these  aerial  atoms,  and  its  molecules  pro 
pagating  the  electrical  influence,  exhibit  polarities  in  such  a  direc 
tion  that  all  the  —  sides  are  towards  the  end  nearest  the  prime  con 
ductor,  and  all  the  +  sides  (v)  in  the  opposite  end.  The  ends 
r,  v,  not  being  neutralized  by  combination,  exhibit,  like  the  poles 
of  the  magnet,  free  electricity  and  the  phenomena  of  attraction 
and  repulsion,  as  may  be  seen  by  suspending  light  pith  balls  at 
these  ends,  when  they  will  diverge  and  thereby  indicate  free  elec- 
tricity. The  influence  propagated  through  the  air  by  the  prime 
conductor  m,  is  now  propagated  by  c,  and  reaches  c',  where  similar 
effects  arise  ;  thence  it  may  pass  to  others,  through  a  series  depend- 
ing upon  the  power  of  the  machine,  the  interval  of  dielectric  or 
air,  the  conducting  quality  of  the  insulated  conductors,  &c,  but 
in  every  case  diminishing  from  m  as  the  squares  of  the  distances 
when  the  same  conductors  and  dielectrics  are  employed. 

The  molecular  arrangement  of  the  dielectric  may  be  rendered 
evident  to  the  eye  by  a  simple  experiment.  Take  a  glass  tube 
furnished  at  both  ends  with  a  brass  ball  so  as  to  close  it,  and  con- 
taining oil  of  turpentine  which  is  a  good  dielectric,  in  which  a 
number  of  short  threads  of  sewing  silk,  also  a  dielectric,  float; 
apply  one  ball  near  the  prime  conductor,  and  let  the  other  touch 
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the  table.  When  the  machine  is  set  in  action,  an  influence  will 
be  seen  to  act  on  the  floating  filaments  of  silk;  they  soon  arrange 
themselves  end  to  end,  and  become  a  medium  of  electrical  pro- 
pagation, lying  like  threads  between  the  two  balls.  If  the  excite- 
ment be  very  strong,  the  molecules  of  the  oil  will  exhibit  rapid 
currents  from  one  electrified  conductor  to  the  other.  In  this  ex- 
periment, the  filaments  of  silk  represent  the  molecules  of  air  ly- 
ing between  two  conductors.  The  production  of  currents  in  the 
oil  is  analogous  to  the  production  of  the  electrical  brush,  and 
electrical  aura  or  wind  from  points,  which  is  a  physical  effect  of 
electricity  of  high  tension,  and  of  the  same  character  as  the  action 
on  air  which  produces  the  snapping  report,  and  flash  of  the  elec- 
trical discharge. 

Induction  does  not  take  place  through  all  dielectrics  in  the 
same  degree.  Professor  Faraday  has  measured  the  inductive 
power  "  or  specific  inductive  capacity^  of  the  principal  dielec- 
trics, by  means  of  an  instrument  called  the  Inductometer.  This 
consists  of  a  contrivance  by  which  sulphur,  resins,  glass,  air,  &c, 
can  be  placed  between  two  conductors.  With  the  same  charge 
of  the  prime  conductor,  the  second  conductor  placed  at  the  same 
distance  in  all  cases  was  charged  through  air  100;  through  shell- 
lac  200;  through  flint  glass  176;  and  through  sulphur  224. 
Hence  shell-lac  and  sulphur  have  the  best  inductive  capacity. 
All  gases,  whether  of  different  density  or  temperature,  appear  to 
have  the  same  inductive  capacity. 

Induction  is  one  of  the  most  common  and  important  of  all  elec- 
trical phenomena.  If  any  substance  be  approached  to  an  excited 
substance,  it  is  thrown  into  the  electrical  state.  On  this  princi- 
ple are  constructed  a  number  of  useful  and  important  instruments 
for  testing  the  presence  of  electricity  called  electroscopes,  electro- 
meters, and  also  the  electrophorus  and  Leyden  jar.  Many  of  the 
supposed  cases  of  electricity  by  contact,  may  also  arise  from  in- 
ductive action. 

Electroscopes.  An  electroscope  is  a  contrivance  for  the  detec- 
tion of  electrical  disturbance.  Two  are  com- 
monly employed ;  the  pith  ball  electroscope,  and 
the  gold  leaf  or  Bennet's  electroscope.  The 
first  consists  of  two  pith  balls,  connected  by  a 
linen  thread,  and  suspended  on  a  metallic  rod. 
If  it  be  brought  near  an  excited  substance,  the 
balls  diverge,  and  the  degree  of  their  divergence 
is  a  coarse  measure  of  the  amount  of  excita- 
tion. The  gold  leaf  electroscope  is  depicted  in 
figure  18. 

The  cap  A  is  of  brass  and  connected  by  a  me- 
tallic rod  with  the  gold  leaves.  The  body  B  is 
an  open  glass  vessel,  on  the  inside  and  lower 
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parts  of  which  are  pasted  strips  of  tin  foil,  reaching  to  the  stand 
and  not  insulated.  When  there  is  no  electrical  excitement,  the 
gold  leaves  hang  down,  side  by  side,  but  if  an  electrified  body  be 
brought  over  the  cap  Jl,  the  leaves  immediately  diverge,  flying 
apart  to  the  pieces  of  tin  foil.  This  occurs  whether  the  body 
exhibit  positive  or  negative  polarity.  But  if  the  gold  leaves  are 
in  the  act  of  divergence  under  the  influence  of  a  positive  surface, 
and  one  that  is  negative  be  now  brought,  they  immediately  col- 
lapse. This  instrument  may  be  employed  to  determine  the  state 
of  the  electricity,  whether  it  be  positive  or  negative.  For  this 
purpose  an  excited  piece  of  glass  or  resin  is  employed,  the  for- 
mer imparting  the  negative  ( — )  and  the  latter  the  +  condition  to 
the  gold  leaves.  This  is  accomplished  by  first  bringing  the 
electrified  substance  to  the  cap,  divergence  is  produced,  then 
touching  the  cap  with  the  finger  and  removing  together  both  the 
electrified  body  and  finger.  The  leaves,  instead  of  falling  back, 
as  is  usually  the  case,  remain  apart  and  changed  with  the  positive 
or  negative  influence.  If  now  a  body  with  like  excitation  be 
brought,  the  leaves  diverge  farther;  if  with  the  opposite  electri- 
city, they  collapse.  If  the  leaves  be  positive,  a  negatively  elec- 
trified substance  can  be  recognized  by  its  power  of  causing  the 
leaves  to  come  together,  and  the  reverse.  Besides  these  instru- 
ments, there  are  two  designed  to  measure  quantities  of  electricity, 
Coulomb's  torsion  electrometer,  and  Harris's  balance  electrome- 
ter. The  former  is  a  beautiful  instrument,  and  measures  the 
amount  of  electrical  force  in  the  repulsion  of  a  gilt  pith  ball,  by 
the  torsion  or  twisting  of  a  fibre  of  silk,  or  thread  of  glass.  It  is 
employed  only  in  delicate  researches,  and  has  been  used  in  the 
development  of  the  principal  facts  in  the  distribution  of  electri- 
city. 

The  electrophorus  of  Volta  is  a  cake  of  resin,  on  the  upper 
side  of  which,  is  placed  a  disk  of  metal,  furnished  with  a  glass 
handle.  When  used,  the  resin  is  excited  by  a  piece  of  flannel, 
and  exhibits  resinous  or  negative  polarity;  it  therefore  induces  a 
change  in  any  neighboring  conductor.  If  the  plate  be  now  placed 
on  it,  the  lower  side  becomes  positive,  -f-,  and  the  upper  — ,  ne- 
gative, by  induction,  and  if  now  we  touch  the  upper  side  by  a 
conductor,  connected  with  the  earth,  its  negative  polarity  is  de- 
stroyed, and  the  entire  surface  becomes  positive.  Upon  sepa- 
rating the  plate  from  the  resin,  a  spark  may  be  obtained  by  touch- 
ing it.  The  electrophorus  will  retain  its  excitement  under  some 
circumstances  for  weeks  or  even  months. 

The  Leyden  Jar.— This  isa  wide  mouthed  jar  of  glass,  stopped 
with  a  piece  of  baked  wood,  through  which  runs  a  brass  rod, 
having  above  a  knob,  and  terminating  below  in  a  chain      The 
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sides  and  bottom  of  the  jar  are  coated,  both  inside  and  outside,  to 
within  a  quarter  of  the  height,  with  tin  foil,  as  in  fig.  19. 
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This  is  one  of  the  most  important  electrical  instruments,  for 
by  its  means,  we  are  enabled  to  obtain  charges  of  great  power, 
and  by  placing  twelve  or  more  in  a  frame  in  such  a  manner  that 
all  the  brass  knobs  communicate,  and  all  the  exterior  tin  foil  is 
in  contact,  the  most  powerful  effects  of  artificial  electricity  have 
been  procured.  Such  a  contrivance  is  termed  the  electrical  bat- 
tery, and  is  depicted  in  fig.  20. 

The  jar  is  charged  by  placing  the  knob  near  the  prime  con- 
ductor of  the  excited  machine  ;  spark  after  spark  passes,  and  is 
conveyed  to  the  interior  tin  coating,  by  which  it  is  distributed 
to  the  glass,  there  producing  the  molecular  effects  observable  on 
dielectrics.  That  this  occurs  in  the  Leyden  jar  may  be  readily 
proved,  fpr  if  we  insulate  it,  and  hold  to  the  exterior  coat  a  con- 
ductor in  contact  with  the  earth,  there  will  pass  a  spark  from 
this,  every  time  one  reaches  the  inner  tin  foil.  In  this  case,  the 
disturbance  of  the  interior  surface  of  the  glass,  is  communicated 
to  the  exterior  by  polar  arrangement;  and  the  jar  cannot  be 
charged  to  any  extent,  unless  the  exterior  conducting  coat  of  tin 
foil  will  adjust  its  degree  of  excitement  to  that  of  the  glass,  which 
can  only  be  done  by  placing  it  in  contact  with  a  large  mass,  as 
the  earth.  As  the  action  increases,  we  discover  a  peculiar  crack- 
ling or  fizzing  sound,  which  warns  the  operator  that  the  jar  is 
fulfy  charged  ;  beyond  this  the  glass  may  be  broken  by  the  depth 
to  which  the  molecular  change  is  propagated,  or  a  spontaneous 
discharge  will  take  place.  This  instrument  evidently  affords  us 
an  illustration  of  inductive  action:  for  the  exterior  conductor  is 
as  actively  polarized  as  the  interior,  and  their  condition  is  the 
reverse,  the  exterior  being  — ,  negative,  when  the  interior  is  +,  posi- 
tive. The  electric  condition  of  the  glass  is  also  certain  ;  for  if  in- 
stead of  the  jar,  we  take  a  large  tumbler  of  glass,  and  place  inside 
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and  outside  a  cylinder  of  tin-ware  to  represent  the  coatings,  we 
can  remove  these  parts,  allow  the  two  tin  cylinders  to  touch,  and, 
on  placing  them  together  again,  it  will  be  found  that  the  vessel  is 
still  charged.  The  glass  being  a  non-conductor,  has  retained  its 
excited  state,  and  it  is  upon  this  that  the  action  on  the  foil  depends, 
the  metallic  portion  serving  to  equalize  the  distribution  of  the 
force  only.  Such  a  contrivance  is  called  the  dissected  Leyden 
jar. 

To  discharge  the  jar,  we  place  a  conductor,  or  a  metallic  rod 
between  the  exterior  coat  and  the  brass  knob,  which  forms  a  part 
of  the  interior  conducting  surface.  If  this  could  be  effected  with 
so  much  suddenness  that  no  interval  of  time  existed  between  the 
application  of  the  discharging  rod  to  the  two  parts,  simple  con- 
duction would  occur  along  the  metal,  and  a  molecular  equilibrium 
be  attained,  more  or  less  completely,  in  every  part  of  the  jar. 
But  such  an  application  is  impossible,  for  as  the  metal  of  the  dis- 
charger, especially  if  it  have  a  knob,  is  about  to  effect  the  com- 
munication, a  loud  snap  with  the  evolution  of  a  bright  light  and 
heat  is  observed.  This  is  no  more  than  an  intense  spark, 
which,  as  from  the  prime  conductor,  is  more  brilliant  and  has  a 
greater  striking  distance  as  the  excitement  increases.  In  the 
case  of  lightning,  it  is  the  discharge  of  thousands  of  acres  of  sur- 
face, and  has  a  striking  distance  of  miles,  a  brilliancy  equal  to 
the  sun's  light,  and  an  intense  temperature.  The  heat,  light,  and 
sound,  are  effects  produced  on  matter,  and  not  the  electricity. 

The  jar  is  not  completely  deprived  of  excitement  by  the  first 
discharge,  there  is  usually  enough  to  produce  a  secondary  dis- 
charge. When  the  dielectric  is  of  shell-lac,  sulphur,  &c,  the 
number  of  discharges,  after  one  application  to  the  prime  conduct- 
or, may  be  as  great  as  five  or  six.  These  subsidiary  discharges 
arise  from  the  presence  of  a  little  remaining  excitement;  this  seems 
to  depend  upon  the  degree  to  which  molecular  disturbance  had 
been  effected  ;  when  it  is  intense,  a  portion  continues,  and  still 
acts,  inducing  the  polar  state  in  the  conductors,  and  this  leads  to 
the  production  of  another  spark,  when  connection  is  again  made 
by  a  metallic  rod.  The  common  discharger  in  electrical  experi- 
ments is  depicted  in  figure  21  ;  the  branches  are  united  by  a 
hinge  joint,  which  enables  the  experi- 
Fig-  21.  menter  to  adapt  the  distance  of  the  brass 

knobs  to  the  jar  employed.     The  han- 
dle is  of  solid  glass. 

If  we  discharge  the  Leyden  jar  by 

means  of  imperfect  conductors,  a  variety 

of  actions  are  produced.     On  placing  cotton,  dusted  with  powdered 

rosin,  over  one  of  the  knobs,  it  will  be  inflamed.    If  we  discharge  it 

by  a  wet  string,  in  the  course  of  which  there  is  a  break  containing 
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gun-powder  or  ether,  they  will  take  fire.  If  the  right  hand  of  a  man 
be  applied  to  the  exterior  tin  foil,  and  the  left  to  the  brass  knob, 
a  startling  shock  takes  place,  increasing  in  severity  with  the  size 
of  the  jar,  and  degree  of  the  charge.  As  this  shock  is  sometimes 
employed  in  chorea,  and  other  nervous  disorders,  and  the  shock  to 
be  employed  may  not  be  the  same  in  all  cases,  Mr.  Lane  has  in- 
vented a  machine  for  regulating  its  violence.  It  is  called  Lane's 
graduated  discharger.  The  figure  (22)  exhibits 
one  of  these  attached  to  a  Leyden  jar.  It  con- 
sists of  a  metallic  rod  A,  furnished  with  a  knob 
at  either  end,  or  a  chain  at  one  end;  and  sup- 
ported by  a  glass  upright  B.  It  is  capable  of 
motion,  and  may  be  brought  near  to  the  knob  C 
of  the  jar,  or  withdrawn.  The  violence  of  the 
shock  depends  upon  the  distance  at  which  it  is 
set  from  the  knob  of  the  jar,  for  a  discharge 
will  take  place  as  soon  as  the  striking  distance 
is  equal  to  the  interval.  By  means  of  this 
simple  instrument,  the  physician  who  desires 
to  increase  the  activity  of  the  shocks,  can  do 
so  by  regulating  the  striking  distance,  his  pa- 
tient touches  the  exterior  with  one  hand,  and  holds  the  chain  with 
the  other. 

The  discharge  along  the  conductor  takes  place  through  an  in- 
terval of  any  length,  whether  it  be  feet  or  miles,  and  with  amazing 
rapidity.  A  number  of  persons,  holding  each  other  by  the  hands, 
will  be  simultaneously  affected. 

If  there  be  a  choice  of  objects,  the  discharge  will  always  take 
place  through  the  best  conductor.  It  is  in  consequence  of  this 
fact  that  the  passage  of  electricity  appears  to  be  so  capricious. 
Lightning  will  always  strike  the  best  conductors;  hence,  if  we 
erect  metallic  rods,  of  copper  or  iron,  against  the  side  of  the 
house,  it  will  pass  along  them,  if  they  be  well  connected  with 
the  earth,  rather  than  through  the  bricks.  Trees  are  very  liable 
to  be  struck,  because  they  are  good  conductors.  What  is  called 
the  capricious  course  of  the  electrical  discharge  depends,  how- 
ever, upon  another  fact,  namely,  that  electrical  currents  produce 
induction,  or  induced  currents  in  an  opposite  direction.  Of  this 
we  shall  treat  under  the  head  of  galvanism. 

The  Distribution  of  Electricity. — The  excited  or  polar  state, 
constituting  common  electricity,  is  only  to  be  detected  on  the  sur- 
faces of  bodies.  The  distribution  is  also  dependent  on  their 
ficure.  On  a  perfect  sphere,  every  portion  is  equally  excited, 
but  on  an  ellipsoid,  the  ends  evince  a  greater  activity  than  the  cen- 
tral parts.  As  the  conductor  becomes  elongated,  the  electrical 
excitement  accumulates  more  and  more  towards  the  ends,  pro- 
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ducing  a  state  similar  to  that  of  the  magnet.  If  the  prime  con- 
ductor be  a  wire,  the  length  of  which  is  very  considerable,  in 
comparison  with  the  breadth,  the  ends  will  become  active  poles, 
whilst  the  central  parts  exhibit  little  electricity.  In  such  a  case, 
if  the  ends  be  pointed,  the  electric  pressure  of  the  air  or  other 
dielectric  will  be  so  little,  that  a  powerful  charge  cannot  be  re- 
tained, but  exerts  itself  in  creating  currents  in  the  air,  which  re- 
duce the  electric  excitement  of  the  conductor.  By  means  of  a 
pointed  metallic  rod,  the  most  powerful  charge  of  a  jar  may  be 
removed,  the  electricity  producing  a  stream  of  air  or  aura,  which 
destroys  the  excitement.  Hence,  the  prime  conductor  of  a  ma- 
chine should  have  no  points,  except  towards  the  glass  plate. 
And,  for  this  reason,  it  is  preferred  to  terminate  lightning  rods 
with  a  number  of  points  instead  of  a  sphere.  Tke  points  in  this 
case  should  be  of  platinum,  a  substance  that  does  not  rust  in  the 
air,  and  is  not  fused  so  readily  as  iron  and  most  metals.  Pieces 
of  thread,  hairs,  and  particles  of  silk,  will  also  discharge  an  excited 
conductor. 

Means  of  Electrical  Excitement. — Two  capital  means  of 
exciting  electricity,  have  been  considered,  friction  and  induction, 
but  there  are  others,  as  change  of  aggregation,  chemical  action, 
contact,  and  heat. 

Contact  is  placed  amongst  the  means,  but  it  only  disturbs  the 
electrical  state  in  some  cases.  If  we  place  a  dry  piece  of  plate 
glass  on  the  surface  of  pure  mercury,  the  two  substances  adhere, 
and  with  considerable  force,  constituting  a  case  of  heterogeneous 
affinity  or  capillary  attraction  ;  on  separating  them,  there  will  be 
found  considerable  electrical  excitement,  as  may  be  seen  by  the 
use  of  Bennet's  electroscope.  But  a  wet  glass  placed  in  contact 
with  mercury  exhibits  no  electricity.  To  develop  electricity  in 
such  cases,  the  bodies  must  have  an  attraction  for  one  another, 
the  result  of  which  is  a  polar  adjustment  of  the  surfaces  coming 
together,  such  that  electrical  polarity  ensues.  Some  authors 
doubt  whether  this  occurs  without  the  previous  preparation  of 
one  of  the  bodies  by  heat,  friction,  or  other  means,  but  in  the 
case  quoted,  sucfi  adventitious  assistance  does  not  seem  neces- 
sary. The  plate  must  be  merely  dry.  The  numerous  instances 
of  capillary  attraction,  as  in  all  cases  where  fluids  wet  a  sur- 
face, or  wet  one  another,  seem. to  depend  upon  the  production  of 
the  polar  state  by  contact.  It  is  not  necessary  that  the  bodies  be 
dissimilar,  for  two  pieces  of  plate  glass,  two  masses  of  metal  will 
adhere,  if  brought  sufficiently  close,  and  upon  separating  them, 
and  testing  the  state  of  the  two  surfaces,  by  proper  means,  one 
will  be  found  positive,  -f,  and  the  other  negative.  This  is  the 
principle  of  cohesion.  In  such  cases  the  action  of  the  force  is 
very  feeble,  and  Sir  I.  Newton  has  determined,  that  for  its  deve- 
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lopment,  the  surfaces  must  be  brought  within  at  least  a  millionth 
part  of  an  inch  of  each  other. 

Heat  produces  the  electrical  state  in  many  minerals,  as  the 
tourmaline,  boracite,  &c,  and  it  indirectly  brings  it  about  by  de- 
stroying the  aggregation  of  matter;  as  in  evaporation.  If  two 
wires,  metals  or  conductors,  having  different  conducting  powers 
for  heat,  be  brought  together  at  a  small  surface,  and  made  fast 
by  twisting,  soldering  or  otherwise,  and  the  junction  heated,  an 
electric  disturbance  occurs.  Such  an  instrument  is  called  a 
Thermo-electric  pair,  and  this  kind  of  electricity,  which  is  not, 
however,  peculiar,  thermo-electricity .  The  best  metals  for  this 
purpose  are  bismuth  and  antimony,  or  platinum  and  copper. 
The  degree  of  disturbance  varies  with  the  metals,  and  does 
not  appear  to  be  proportionate  to  the  heat  employed.  If  a 
number  of  small  square  bars,  of  one-sixth  inch  width,  and  about 
one  and  a  half  to  two  inches  long,  of  bismuth  and  antimony,  be 
taken  and  soldered  together  in  pairs  at  both  ends,  so  as  to  esta- 
blish a  communication  between  the  whole  number,  we  have  one 
form  of  the  thermo-electric  battery  employed  by  Melloni  and 
Forbes  in  their  researches  on  heat.  The  metals  may  be  insu- 
lated by  a  film  of  paper  or  silk,  and  bound  up  in  a  wooden  case. 
From  the  terminal  bismuth  and  antimony,  proceed  copper  wires 
to  conduct  the  polar  state  of  the  battery  to  any  desired  point. 
Heat  acting  on  one  of  its  surfaces,  so  disarranges  the  molecules 
of  the  bars,  that  they  become  polarized,  and  this  action  being 
increased  by  the  number  of  the  pairs,  a  considerable  influence  is 
propagated  to  either  terminal  wire,  one  of  which  forms  the  posi- 
tive or  -f ,  and  the  other  the  — ,  or  negative  end  of  the  arrange- 
ment. 

Change  of  Aggregation. — Electricity  is  evolved  when  a  fluid 
passes  into  the  state  of  a  vapor,  or  a  solid  into  a  fluid.  Common 
evaporation  and  the  production  of  steam  are,  therefore,  sources 
of  electrical  disturbance.  Simple  expansion,  in  some  instances, 
disturbs  the  electricity,  and  rupture  does  so  in  others.  If  a  piece 
of  mica  be  torn  in  two,  the  broken  ends  exhibit  different  po- 
larities. 

The  electric  state  of  clouds  is  supposed  to  depend  upon  this 
action,  the  vapor  rising  from  the  earth,  being  surrounded  by  the 
non-conducting  air,  retains  its  excitation  until  it  becomes  aggre- 
gated again  into  a  cloud;  here  the  molecules  combine,  and  their 
free  electricity  is  destroyed,  but  the  surface  of  the  cloud  exhibits 
powerful  polarity.  That  vapor  rising  from  the  earth  is  in  an 
electric  state,  may  be  shown  by  placing  a  little  metallic  vessel  con- 
taining water,  on  the  cap  of  Bennet's  electroscope,  and  dropping 
into  it  a  piece  of  red-hot  metal  or  a  live  coal;  steam  is  immedi- 
ately formed  and  the  gold  leaves  diverge.     The  remaining  water 
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will,  in  this  case,  be  found  — ,  negative,  and  the  vapor  +  ,  positive. 
A  cloud  positively  charged  is  like  the  prime  conductor  of  the  ma- 
chine, producing  induction  in  all  matter  near  at  hand,  and  throw- 
ing off  a  spark  or  flash,  whenever  it  is  sufficiently  near,  or  within 
striking  distance  of  a  tree,  mountain,  or  other  conducting  body. 

It  appears,  from  the  experiments  of  Pouillet,  that  electricity  is 
also  produced  in  ordinary  combustion.  For,  if  carbon  or  hydro- 
gen be  burnt  in  contact  with  the  cap  of  the  electroscope,  the  ris- 
ing vapors  are  positive,  and  the  residual  bodies  negative. 

The  production  of  electricity  by  chemical  action,  constitutes 
the  department  of  the  science  termed  galvanism. 
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The  electrifying  machine  has  been  long  in  use  for  medical 
purposes.  Its  action  on  the  body,  in  the  production  of  shocks, 
the  prickly  sensation  of  the  sparks,  and  the  effects  of  lightning, 
induced  the  profession  to  expect  great  results  from  its  employ- 
ment. These  expectations  have  been,  for  the  most  part,  disap 
pointed,  but  there  often  occurs  cases  when  the  use  of  the  machine 
may  be  necessary.  Patients  sometimes  exhibit  great  faith  in  its 
effects,  and  there  is  a  large  number  of  cases  in  which  it  has  been 
supposed  to  be  useful. 

The  agent  is  applied  in  a  variety  of  ways,— by  shocks  from  the 
Leyden  jar;  by  directing  currents  through  certain  parts;  by  placing 
the  patient  on  an  insulated  stool  and  in  connection  with  the  prime 
conductor  of  the  machine;  or  by  directing  a  brush  of  electricity 
from  a  pointed  conductor  on  some  portion  of  the  body.  These 
various  ways  have  received  different  names,  and  are  employed  in 
diverse  affections. 

Shocks  are  employed  in  chorea,  and  diseases  in  which  a  want 
of  nervous  activity  exists,  as  nervous  deafness,  amenorrhcea  and 
partial  paralysis.  The  violence  of  the  shock  is  to  be  regulated 
by  Lane's  medical  electrometer  already  described.  As  a  general 
rule,  it  is  best  to  begin  with  slight  shocks  from  a  pint  jar,  and 
increase  them  as  indicated,  for  there  is  considerable  difference  in 
people  as  regards  the  action,  some  being  much  affected  and  pained 
by  shocks  which  scarcely  affect  others.  The  common  method 
of  administering  the  shock  is,  for  the  patient  to  hold  in  one  hand 
the  chain  connected  with  the  electrometer,  and  touch  the  exterior 
coating  of  the  jar  with  the  other;  in  this  way  the  effect  is  felt  in  the 
elbows  and  across  the  chest,  and  may  be  useful  in  pleurodynias,  or 
slight  muscular  or  nervous  affections  of  the  chest,  but  can  be  of  no 
service  in  diseases  of  the  spine  or  pelvic  viscera.  The  shock 
must  be  directed  along  or  through  the  parts  affected  ;  thus  in  cases 
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of  partial  paralysis  of  the  legs,  it  must  be  passed  from  the  lumbar 
region  over  the  spine  to  the  foot,  and  be  taken  at  different  points 
along  this  course.  For  this  purpose,  dischargers  of  a  particular 
make  are  used,  they  consist  of  a  glass  handle,  supporting  a  curved 
brass  rod  with  one  brass  knob,  which  may  be  placed  in  contact 
with  the  Leyden  jar  by  a  chain.  In  using  them,  the  knob  of  one 
is  placed  over  the  spine  or  other  part,  and  a  connection  established 
by  a  brass  chain  with  the  exterior  coating  of  the  jar;  the  other, 
which  is  attached  in  the  same  way  with  the  knob  of  the  jar  or 
with  Lane's  electrometer,  is  then  brought  over  the  other  part  of 
the  body.  The  shock  is  thus  driven  through  any  part  of  the 
system  between  the  two  places  of  application.  In  amenorrhcea, 
one  of  the  dischargers  is  moved  over  the  lumbar  vertebras  and 
sacrum,  and  the  other  placed  over  the  pubis.  In  this  complaint, 
where  it  arises  from  an  enfeebled  state  of  the  body,  the  agent 
seems  to  be  very  useful,  and  is  recommended  by  the  highest  au- 
thorities. In  the  early  stages  of  the  paralytic  state,  arising  from 
nervous  debility,  some  have  found  shocks  driven  through  the 
parts  from  different  points  of  the  spine  useful.  It  is  necessary  to 
use  electricity  steadily  and  for  weeks  before  we  abandon  it.  Whe- 
ther, in  such  protracted  cases,  it  be  the  beneficial  agent  in  the  event 
of  cure,  cannot  be  readily  determined,  but  if  it  does  no  harm,  and 
the  patient  desires  its  use,  the  physician  is  not  warranted  in  refus- 
ing the  application. 

The  Electric  Bath. — When  the  patient  is  placed  on  an  insu- 
lator, as  a  stool  sustained  on  glass  legs,  and  put  in  connection 
with  the  prime  conductor  by  a  chain  or  otherwise,  he  is  said  to 
be  in  the  electric  bath.  By  this  arrangement  he  becomes  a  part 
of  the  prime  conductor,  and  the  same  electric  excitement  is  com- 
municated to  the  surface  of  his  body  as  exists  on  that  part  of  the 
machine.  In  a  dark  room,  the  prominent  points  of  the  body, 
especially  the  hair  of  the  head,  will  be  found  to  emit  a  pale  elec- 
trical light.  In  this  situation,  some  persons  experience  conside- 
rable warmth,  occasionally  copious  perspiration  occurs,  the  pulse 
is  quickened,  and  a  sense  of  formication  on  the  skin  is  expe- 
rienced; but,  in  others,  there  is  little  or  no  effect.  The  imagina- 
tion is,  probably,  more  active  in  all  cases  than  the  electricity. 

If  we  apply  a  conductor,  as  the  knuckle  to  the  skin  of  a  per- 
son in  this  bath,  a  spark  is  seen,  and  the  patient  experiences  a 
prickly  sensation.  It  is  for  the  purpose  of  obtaining  such  sparks 
that  the  insulator  is  generally  employed,  and  the  knuckle,  or  a 
brass  rod  terminating  in  a  knob,  held  in  the  hand  of  the  operator, 
is  usually  employed.  It  is  found,  that  if  a  piece  of  flannel  be 
placed  on  the  skin,  and  sparks  taken  rapidly  through  it  by  the 
conductor,  in  the  direction  of  the  nerves,  the  effect  is  more  per- 
manent  than  if  taken  simply  from  the   skin.     This  method  is 
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called  electric  fricfion,.and  was  much  recommended  by  Cavallo, 
Woodward,  and  others.  Electric  sparks  are  supposed  to  be  bene- 
ficial  in  resolving  slight  tumors,  the  stiffness  of  joints,  in  exciting 
the  organ  of  hearing  in  nervous  deafness;  it  has  also  been  em- 
ployed in  atonic  amaurosis,  numbness,  rheumatism,  and  to  excite 
the  biliary  function  in  jaundice.  In  all  these  cases,  the  striking 
distance  of  the  spark  is  to  be  varied,  and  electric  friction  employ- 
ed so  as  to  derive  whatever  advantage  may  flow  from  the  use  of 
the  agent.  Slight  shocks  may  also  be  used  in  the  above  cases, 
before  the  electrical  treatment  is  abandoned. 

The  Electric  Aura.— The  brush,  or  aura  produced  on  a 
pointed  conductor,  has  been  used  in  amaurosis,  and  applied  over 
ulcers.  It  may  be  taken  from  the  insulated  patient  by  a  pointed 
conductor,  or  administered  from  the  prime  conductor  by  a  pointed 
discharger. 

The  current  of  electricity  is  also  spoken  of;  in  this  case  the 
patient  merely  holds  the  prime  conductor,  but  no  effect  is  dis- 
cernible, and  it  is  not  worth  while  to  allude  to  it  further  as  a 
remedial  means. 

In  reviewing  the  subject,  it  appears  that  some  advantage  does 
undoubtedly  flow  from  the  employment  of  frictional  electricity, 
and  that  it  is  most  indicated  in  diseases  connected  with  a  want  of 
nervous  power.  In  such  cases,  it  may  excite  the  secretions, 
especially  those  of  the  liver  and  uterus.  It  is  also  to  be  consi- 
dered favorably  in  those  cases  where  a  loss  of  function  arises  from 
nervous  prostration,  general  or  partial.  Whether  it  promotes 
absorption,  as  was  formerly  supposed,  is  doubtful.  In  chorea, 
partial  paralysis  and  chronic  rheumatism,  there  is  a  host  of  evi- 
dence in  its  favor. 

What  the  method  of  cure  is,  cannot  be  readily  determined,  but 
from  its  superior  efficacy  in  nervous  complaints,  it  appears  to  ant 
upon  the  nerves  or  their  centres.  The  subject  will  be  resumed 
under  Galvanism. 

The  Magnet  as  a  Remedial  Agent. — The  native  loadstone,  a 
magnetic  ore  of  iron,  has  been  long  used  for  remedial  purposes,  and 
is,  to  this  day,  employed  in  some  countries.  It  was  formerly  sup- 
posed to  be  a  specific  in  gout  and  rheumatism,  and  to  have  great 
powers.  Neither  this  body  nor  the  artificial  magnet  are  em- 
ployed by  the  profession  in  the  United  States  or  in  Great  Britain, 
but  the  Germans  are  zealous  in  their  use.  They  speak  of  it  as 
of  value  in  neuralgia,  toothache,  rheumatic  pains,  and  nearly  all 
nervous  ailments,  as  spasmodic  asthma,  palpitations,  angina  pec- 
toris, gastrodynia.  Laennec  recommended  the  use  of  oval  mag- 
netized plates  over  the  chest  in  angina  pectoris.  One  of  the  plates 
was  situated  over  the  precordial  region,  and  the  other  on  the  back 
immediately  opposite,  and  the  dissimilar  poles  were  placed  next 
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Fig.  23. 


the  skin.  The  magnet,  simple  or  compound,  straight  or  curved, 
or  broad  plates  magnetized,  are  employed  according  to  the  na- 
ture of  the  part.  The  south  and  north  poles  are  to  be  alternately- 
tried,  for  it  is  said  that  one  may  produce  an  anodyne  effect  where 
the  other  increases  the  pain. 

We  know  nothing  of  these  effects,  but  it  is  very  certain  that  a 
powerful  common  magnet  produces  no  impression  on  the  body  in 
health.  There  is  a  machine  (Fig.  23),  invented  by  Clarke,  and 
another  by  Saxton,  for  generating  an 
electrical  current  by  the  rotation  of 
an  armature  of  iron,  F  G,  covered 
with  fine  wire,  near  a  permanent 
magnet  D,  or  the  reverse,  which  has 
been  extensively  employed.  In  this 
case  a  feeble  current,  similar  to  that 
of  a  galvanic  battery,  is  generated, 
and  called  the  magneto-electrical 
current.  This  machine  was  used  in 
the  same  cases  as  the  galvanic  bat- 
tery which  it  has  nearly  superseded, 
but  has  in  its  turn  given  place  to  the 
galvano-magnelic  machine,  or  elec- 
trotome,  to  be  described  in  the  next 
article.  It  is  expensive,  loses  its 
power,  and  produces  no  peculiar  effects. 

Other  Effects  of  Electricity. — Frictional  electricity  can  be  ob- 
tained only  during  dry  cold  weather;  if  the  air  be  damp,  the  power 
of  insulation  is  destroyed,  and  the  effects  of  the  machine  become 
very  feeble.  It  is  not,  therefore,  to  be  depended  on  as  a  force 
for  the  production  of  chemical  or  other  results,  and  is  replaced 
by  the  galvanic  battery  in  most  cases.  It  has  been  remarked 
that  electricity  produces  chemical  union  and  other  effects,  and  in 
a  few  cases,  the  spark  is  employed  to  this  day,  as  in  the  detona- 
tion of  oxygen  and  hydrogen,  in  the  analysis  of  gases. 

Atmospheric  electricity  has  been  supposed  to  be  peculiarly  fa- 
vorable to  the  development  of  plants,  but  of  this  we  have  no  evi- 
dence, all  attempts  made  to  employ  the  agent  in  the  cultivation  of 
gardens  having  failed.  In  the  state  of  lightning,  atmospheric  elec- 
tricity is  a  powerful  and  destructive  agent,  destroying  life  in- 
stantly when  the  stroke  is  direct,  and  frequently  doing  so  even 
at  the  distance  of  several  feet  from  the  stricken  object,  by  induc- 
tion. Where  life  is  not  extinct,  rest,  and  the  removal  of  all  dis- 
turbing agents,  appear  to  be  necessary.  Warmth  to  the  skin,  coun- 
ter-irritation, and  sometimes  artificial  respiration,  are  indicated ; 
but  the  physician  relies  on  the  recuperative  powers  of  the  body 
chiefly,  being  prepared  to  meet  any  secondary  effects  of  inflam- 
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mation  or  debility  which  may  arise.  It  may  be  proper  to  state, 
that  in  a  thunder  storm  the  safest  places  are  those  removed  from 
the  neighborhood  of  elevated  or  conducting  objects,  and  it  is  bet- 
ter to  be  in  the  lowest  parts  of  a  house  than  upstairs,  and  to  lay- 
down  on  the  ground  than  to  stand  erect.  There  is  no  fear  to  be 
apprehended  in  a  storm  unless  the  flash  and  thunder  occur  simul- 
taneously, for  as  the  distance  becomes  greater,  the  interval  between 
them  increases. 
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GALVANISM. 

Galvanism  owes  its  name  to  Galvani,  an  Italian,  but  if  the 
true  investigator  of  this  form  of  electricity  is  to  be  honored,  it 
should  be  called  Voltaism,  from  Volta.  The  distinction  between 
galvanism  and  electricity  is  usually  said  to  arise  from  the  impon- 
derable being  in  motion  in  the  former  case,  and  stationary  in  the 
latter.  Hence,  frictional  electricity  is  often  called  statical  elec- 
tricity, and  galvanism,  with  thermo-  and  magneto-electricity,  are 
said  to  furnish  instances  of  dynamical  electricity.  This  means, 
that  the  phenomena  depend  upon  the  conducting  powers  of  the 
matter  affected,  and  that  electricity  arises  in  non-conductors  and 
insulated  bodies,  but  that  whenever  the  force  is  propagated,  it  is 
called  galvanism,  &c.  The  distinction  not  being  in  the  agent,  it 
will  scarcely  surprise  us  that  galvanism  should  produce  molecu- 
lar effects  in  the  same  way  as  statical  electricity.  Indeed,  we 
know  little  of  galvanism,  except  when  the  course  of  the  agent  is 
impeded  by  non-conductors,  or  inferior  conductors,  or,  in  other 
words,  when  it  produces  electrical  or  molecular  effects.  The 
galvanic  current  must  be  -interrupted  to  allow  us  to  see  its  effects 
of  heat,  chemical  action,  or  on  the  animal. 

Galvanism  appears  to  differ  in  another  respect.  In  common 
electricity,  the  action  is  confined  to  the  surfaces  of  things,  and  is 
intense  but  of  little  amount;  in  galvanism,  it  penetrates  into  the 
inner  atoms,  and  is  more  distinguished  for  amount  or  quantity 
tlian  intensity.  The  difference  between  them  may  be  illustrated 
by  reference  to  heat;  the  flame  of  the  blowpipe  has  intensity,  and 
will  melt,  in  an  instant,  a  particle  of  metal,  but  it  has  no  quantity, 
and  will  not  produce  anything  like  the  effects  of  a  furnace,  although 
at  a  lower  temperature.  In  the  latter  case,  we  have  quantity  or 
amount  of  force,  in  the  former,  intensity.  It  is  practicable  to 
unite  these  conditions,  for  if  we  drive  a  furnace  by  bellows,  or 
convert  it  into  a  blast  furnace,  we  do  not  diminish  the  quantity, 
whilst  the  intensity  is  increased.  So,  in  galvanic  arrangements, 
we  are  capable  of  generating  amount  or  intensity  at  will,  and  ap- 
proximating or  separating  their  effects  from  those  of  the  machine. 
Whenever  the  plates  of  the  battery  are  enlarged,  and  the  fluid 
increased  in  activity,  amount  of  galvanism  is  procured  ;  on  the 
other  hand,  if  the  plates  are  small  and  very  numerous,  galvanism 
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Fig.  24. 


of  intensity  or  tension  is  obtained,  which  may  closely  resemble 
frictional  electricity. 

Galvanism  is  electricity  produced  by  chemical  action;  it  takes 
place  in  every  chemical  change,  but  to  be  sensible  of  its  presence, 
it  is  necessary  to  introduce,  among  the  bodies  undergoing  this 
change,  conductors  capable  of  conveying  the  galvanic  influence, 
so  that  we  may  apply  the  tests  of  its  presence.  The  most  common 
method  of  generating  galvanism  is  by  immersing  a  plate  of  zine 
and  of  copper  into  a  very  feeble  solution  of  sulphuric  acid  and 
water.  We  may  employ  the  solution  so  diluted,  that  it  exerts  no 
action  upon  either  metal.  If,  now,  the  metallic  plates  be  par- 
tially immersed,  and  brought  within  a  tenth  of  an  inch  of  each 
other  at  their  lower  ends,  and  made  to  touch  above,  molecular 
action  occurs  in  the  fluid,  minute  bubbles  of  gas  rise  from  the 
copper,  and  galvanic  disturbance  takes  place.  This  arrangement 
constitutes  the  simple  galvanic  circle,  and  of  such  parts,  variously- 
modified,  the  most  powerful  batteries  are  constituted. 

The  simplest  variation  from  this  original  circle,  is  where  the  me- 
tals, instead  of  being  made  directly  to  touch,  can  be  put  in  contactor 
separated  by  means  of  two  copper  wires,  one  of  which  is  soldered 
to  the  zinc,  and  the  other  to  the  copper.  The  figure  may  convey  a 
clear  idea  of  such  a  circle  (Fig.  24), 
which  consists  of  a  common  tumbler 
about  half  filled  with  the  dilute  sul- 
phuric acid,  containing  Z  a  zinc  plate, 
C  a  copper  plate ;  and  p p'  are  the  wires 
called  polesx  proceeding  from  the  me- 
tals. The  wire  of  the  zinc  is  called 
the  —  or  negative  pole,  the  wire  of  the 
copper  the  +  or  positive  pole.  The 
arrows  are  employed  to  indicate  the 
supposed  course  of  the  galvanic  influ- 
ence or  current,  from  the  positive  to 
the  negative  side. 
Theory  of  the  Circle. — A  little  examination  will  show  us 
that  this  is  none  other  than  an  arrangement  for  the  production  of 
internal  or  molecular  electricity.  In  the  first  place,  it  is  stated, 
that  the  dilute  acid  would  not  have  acted  upon  the  zinc,  without 
contact  of  the  metals,  but  if  the  solution  were  stronger,  the  action 
occurs  without  this  condition,  and  the  reason  is,  that  the  acidu- 
lated fluid  is  then  itself  a  fair  conductor.  The  action  of  which 
Ave  speak,  is  the  union  of  the  zinc  with  one  of  the  components  of 
the  water,  oxygen,  the  other  component,  hydrogen,  rising  at  the 
copper  surface,  in  the  state  of  gas.  In  the  circle,  there  is,  there- 
fore, something  present,  which  produces  molecular  disturbance,  a 
disturbance  analogous  to  that  of  heat  on  the  tourmaline   or  fric- 
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tion  on  glass.  This  something  is  the  chemical  affinity  of  zinc 
for  a  component  of  water,  oxygen.  If  we  investigate  the  electri- 
cal states  of  the  plates,  we  find  that  the  zinc  plate  is  -f  or  posi- 
tive, the  copper  plate  —  or  negative,  and  the  wires  at  their  ends 
also  +  and  — ,  but  in  a  state  the  reverse  of  that  of  the  immersed 
end  of  either  metal.  Each  metal  and  wire  may,  therefore,  be 
compared  to  a  magnet,  and  the  intervening  fluid  to  another;  in 
each  case  there  is  a  line  of  particles  so  arranged  as  to  have  their 
+  ends  in  one  direction,  and  their  —  ends  in  another.  The 
three  are  in  connection  by  dissimilar  or  attractive  poles,  and  they 
are  also  distinct  in  their  electrical  relations.  In  Fig.  25,  this  state 
is  represented;  the  part  of  the  arrange- 
ment represented  by  the  zinc,  is  one  of  the 
magnets,  the  atoms  of  which  are  polarized 
in  such  a  way  that  the  -f-  end  is  in  the 
fluid,  and  in  contact  to  the  —  end  of  the 
magnetic  arrangement  representing  the 
fluid,  the  positive  end  of  which  lies  in 
contact  with  the  copper.  The  copper  is 
the  third  polar  arrangement,  its  immersed  jhtia, 

end  being  —  and  the   opposite  extremity 

-f,  where  it  comes  in  contact  with  the  unlike  pole  of  the  zinc. 
This  polarization  affects  every  atom,  and  occurs  only  so  long  as 
action  takes  place  in  the  fluid.  It  is  accompanied  with  a  vibra- 
tory affection  of  the  ether,  and  the  propagation  of  a  wave,  which, 
in  a  good  conductor,  may  reach  hundreds  of  miles,  as  in  the  elec- 
tric telegraph.  The  chemical  action  sets  the  electricity  in  action, 
and  is  hence  called  the  electromotive  source,  and  it  is  to  the  gal- 
vanic circle  what  mechanical  force  is  to  the  common  machine.  If 
we  change  the  fluid,  we  may  have  action  in  the  reverse  direction, 
or  none  at  all;  we  may  render  it  more  powerful,  or  diminish  it  to 
zero. 

Let  us  now  consider  the  reason  why  action  does  not  occur  un- 
til contact,  when  the  fluid  is  feeble.  On  the  immersion  of  the 
zinc,  its  atoms  become  polarized  by  the  action  of  the  oxygen 
particles  of  the  water,  and  in  the  same  way,  the  water  and  cop- 
per are  polarized;  but  in  every  case,  the  condition  is  statical;  the 
particles  are  simply  made  to  arrange  themselves  conformably  to 
the  force  present.  It  is  precisely  the  case  of  the  electrical  ma- 
chine with  both  the  prime  conductor  and  rubber  insulated.  A 
few  turns  produce  the  polarization  of  the  entire  apparatus,  one 
end  becomes  +  and  the  other — ,  and  no  further  action  can  be  ob- 
tained; but  if  we  now  connect  the  two  conductors  by  a  metallic  rod, 
equilibrium  ensues,  and  the  excited  glass  disturbs  the  electricities 
again.  If  a  rod  or  chain  be  made  to  unite  them,  the  glass  will 
Engender  electricity  without  intermission,  and  the  two  conductors 
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will  establish  an  equilibrium  at  every  instant;  thus  the  electrical 
wave  will  flow  its  round  incessantly. 

The  Cause  of  the  Current. — These  considerations  represent 
the  occurrences  of  the  galvanic  circle.  At  first,  polar  disturbance 
takes  place  in  virtue  of  chemical  affinity  ;  nothing  more  can  be  ac- 
complished; everything  comes  to  rest,  for  every  part  of  the  ar- 
rangement is  insulated.  We  now  make  the  metals  touch,  or  con- 
nect the  conductors,  the  electrical  wave  flows,  or  the  forced  polar 
states  are  neutralized ;  but  as  in  the  turning  of  the  glass,  the 
electromotive  source  is  still  present  and  active,  new  action  occurs 
between  a  particle  of  zinc  and  oxygen,  the  wave  is  regenerated, 
and  a  second  wave  flows.  If  the  surfaces  be  extensive,  this  ap- 
parently intermitting  action  becomes  continuous  from  the  number 
of  particles  undergoing  union.  Several  consequences  flow  from 
this  view  of  the  case. 

1st.  The  amount  of  galvanism  is  directly  as  the  rapidity  and 
extent  of  chemical  action,  for,  as  the  union  between  the  zinc 
and  oxygen  is  the  source  of  power,  the  larger  the  quantity  of 
these  combining,  the  more  galvanism.  The  truth  of  this  position 
may  be  directly  proved,  for  if  we  weigh  the  zinc  plates,  and  mea- 
sure, by  its  effects,  the  galvanism,  we  find  that  the  zinc  is  changed 
rigorously  in  proportion  to  the  galvanism. 

2d.  The  power  of  a  galvanic  arrangement  is  measurably  de- 
pendent upon  the  facility  with  which  the  chemical  union  of  the 
zinc  and  oxygen  occurs.  Hence,  whatever  assists  the  chemical 
action,  increases  the  power  of  the  circle.  For  this  reason,  in  the 
common  arrangement,  sulphuric  acid  is  added  to  the  water;  it 
does  not  undergo  decomposition  itself,  or  participate  in  the  elec- 
tromotive power,  but  it  dissolves  the  oxide  of  zinc,  formed  by  the 
union  of  oxygen  and  zinc,  and  which,  being  an  insoluble  non- 
conductor, would  arrest  the  excitement.  The  sulphuric  acid  re- 
moves each  atom  of  this  compound,  forming  the  soluble  sulphate 
of  oxide  of  zinc,  which  may  be  afterwards  procured  from  the  so- 
lution. Thus  the  acid  acts  in  keeping  the  metallic  surface  of  the 
zinc  pure,  and  enabling  new  atoms  of  oxygen  to  act  on  it.  A 
great  improvement  has  been,  of  late,  made  in  this  part  of  the  gal- 
vanic apparatus.  If  the  zinc  be  amalgamated  with  mercury  on 
its  surface,  it  is  presented  in  such  a  state  of  division,  that  the 
oxygen  acts  more  freely,  the  surface  is  also  kept  bright  by  the 
action  of  the  sulphuric  acid  as  before,  and  the  zinc  is  less  acted 
on  by  a  feeble  acid  before  contact.  As  a  portion  of  mercury  in  the 
amalgam  delivers  up  its  atom  of  zinc,  it  retires  into  the  mass  of 
metal,  and  combines  with  another  portion,  and  thus  molecule  after 
molecule  is  presented  to  the  active  oxygen,  under  favorable  cir- 
cumstances, for  chemical  union, 

The  amalgamation  of  zinc  is  readily  accomplished ;  for  this  pur' 
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pose,  it  is  only  necessary  that  the  metal  be  brought  in  contact 
with  mercury  in  a  saucer,  and  the  surface  rubbed  with  a  pledget 
of  linen  or  cotton,  moistened  with  dilute  sulphuric  acid,  and 
used  to  carry  the  mercury  over  the  acidulated  parts.  An  amal- 
gam of  a  bright  lustre  is  rapidly  formed  on  the  surface,  and  the 
process  is  soon  completed ;  it  is  only  necessary  to  rub  it  once,  for 
excess  of  mercury  destroys  the  cohesion  of  the  zinc.  Mr.  Smee 
has  also  determined,  that,  by  employing  silver  as  the  negative 
metal,  with  the  surface  roughened  by  platinum,  the  power  is  in- 
creased by  the  mechanical  assistance  given  to  the  hydrogen  gas 
in  leaving  the  surface  of  the  metal. 

3d.  Another  means  of  increasing  galvanic  action,is  to  increase 
the  conducting  power  of  all  the  parts — of  the  fluid,  of  the  zinc, 
and  the  other  metal.  This  is  a  condition  pointed  out  by  the  ana- 
logy we  have  drawn;  the  communication  between  the  two  prime 
conductors  being  made  by  a  thread,  equilibrium  would  not  be 
brought  about  so  rapidly  as  by  a  stout  wire.  To  accomplish 
these  indications,  it  has  been  found  that  the  metals  should  be 
good  conductors  ;  silver  and  gold  are  superior  to  copper,  and  these 
are  the  only  substances  which  would  be  so.  The  amalgamation  of 
the  zinc  assists  its  conducting  power.  But  it  is  in  the  fluid  that 
this  quality  may  be  most  increased ;  for  this  purpose,  the  acid 
must  be  strong,  and  in  the  battery  of  Mr.  Grove,  presently  to  be 
described,  the  sulphuric  acid  is  of  considerable  strength,  and  the 
nitric  acid  concentrated.  It  will  be  remembered  that  the  strong 
acids  are  pretty  good  conductors,  whereas  water  is  almost  a  non- 
conductor. 

There  is  also  a  mechanical  method  of  accomplishing  this  indi- 
cation. It  is  apparent,  that  the  nearer  the  metals  are  to  each 
other  in  the  fluid,  short  of  contact,  the  more  readily  the  conduc- 
tion takes  place.  The  immersed  sections  are  also  favorable  to  the 
power,  by  presenting  an  immense  number  of  points  of  action. 
The  doubling  of  the  negative  element  (copper,  silver,  or  plati- 
num), about  the  positive  (zinc),  also  assists,  indeed  doubles  the 
action,  by  causing  it  to  occur  on  both  sides  of  the  zinc.  Again, 
as  respects  the  poles,  the  shorter  and  thicker  they  are,  and  the 
better  they  conduct,  the  more  readily  does  the  change  of  polarity 
occnr;  if  they  be  poor  conductors,  and  of  small  size,  the  action 
will  be  impeded  and  even  stopped.  For  this  reason,  stout  cop- 
per wire  of  the  shortest  convenient  length  is  to  be  employed. 
The  influeuce  of  this  part  of  the  apparatus  may  be  readily  seen 
by  interposing  between  the  ends  of  two  large  copper  poles  (or 
electrodes)  a  secondary  wire  of  small  size  of  platinum,  which  is 
an  indifferent  conductor;  it  will  become  red  hot,  the  electric  dis- 
turbance being  propagated   so  imperfectly,  that  the  force  is  ex- 
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pended  on   the    molecules    producing   the    specific    disturbance 

termed  heat. 

The  comparative  conducting  powers  of  different  metals  belong 
to  this  part  of  our  subject.  Mr.  Harris  has  found  that,  if  similar 
wires  be  made  to  convey  an  electric  discharge  of  the  same  in- 
tensity, they  become  unequally  heated.  The  heat,  as  in  the 
above  illustration,  arises  from  the  resistance  or  opposition  to  the 
flow  of  the  electricity,  and  is,  therefore,  inversely  as  the  conduct- 
ing power.  The  following  table  from  him,  presents  an  approxi- 
mation only,  but  it  undoubtedly  gives  us  something  like  the 
order  of  conducting  power,  allowing  gold  and  silver  a  capacity 
equal  to  120. 

Silver    evolved    6  desrees  of  heat,  F.,  and  has  120  conducting  power. 

120 

80  "  " 
40 

24  "  " 

24  "  " 

20  "  " 

12  "  " 

From  these  numbers  we  learn  that  platinum  has  only  one-fifth 
of  the  conducting  power  of  silver,  and  perceive  the  advantage  of 
using  the  latter,  as  in  Smee's  battery,  wherever  practicable.  In- 
deed, the  only  reason  that  platinum  has  superseded  copper  and 
silver  in  Grove's  battery,  is  in  consequence  of  the  action  of  the 
nitric  acid,  which  does  not  affect  platinum,  but  dissolves  the 
others. 

M.  Pouillct  has  also  determined  the  conducting  powers  of  the 
principal  bodies  for  galvanic  currents;  they  are  in  the  following 
proportion. 

5791 
§152 

3075 
3838 
855 
384 
900 
2()i) 
800 
500 
600 
100 

He  also  measured  the  conducting  power  of  saline  solutions, 
and  arrived  at  the  extraordinary  conclusion,  that  a  concentrated 
solution  of  sulphate  of  copper  has  a  power,  as  compared  with 
copper,  of  one  to  sixteen  millions;  sulphate  of  zinc,  also  com- 
pared with  copper,  of  one  to  about  forty  millions.     Distilled  water 
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has,  according  to  the  same  authority,  but  one  four-hundreth  of 
the  conducting  power  of  solution  of  sulphate  of  copper,  or  less 
than  one  six-thousandth  millionth  (f.t oo,oVo,ooo)  of  that  of  me- 
tallic copper. 

No  galvanic  action  is  perceptible  in  those  cases  where  the  fluid 
acts  on  both  metals,  for  the  polar  disturbance  is  twofold,  and  in 
opposite  directions,  thus  neutralizing  one  another  in  the  same 
way  as  one  magnet,  reversed  over  another,  destroys  its  power. 
To  attain  the  greatest  developement  of  galvanism,  the  action  must 
be  intense,  and  solely  in  one  direction ;  if  there  be  two  opposed 
currents,  we  gain  only  their  difference — for  this  reason,  copper, 
which  stands  at  the  head  of  Mr.  Harris's  list,  can  seldom  be  em- 
ployed in  the  most  powerful  batteries  from  the  action  of  numerous 
fluids  on  it.  Platinum  is  rarely  affected,  and  where  it  is  possible, 
silver,  covered  with  platinum,  constitutes  the  best  negative  ele- 
ment. 

4th.  Of  Resistance. — Any  resistance  or  impediment  occurring 
in  a  part  of  the  circle,  either  by  the  interposition  of  a  bad  con- 
ductor, lengthening  of  the  polar  wires,  or  otherwise,  affects  every 
part  of  the  apparatus  simultaneously.  The  three  supposititious 
magnets,  the  two  representing  the  metals,  and  the  third  repre- 
senting the  fluid,  are  equally  balanced,  and  of  the  same  power ; 
if,  so  long  as  action  takes  place,  we  change  either  of  them,  we 
affect  the  whole.  If  the  exciting  fluid  be  enfeebled  by  the  sepa- 
ration of  the  sulphuric  acid,  the  action  fails,  and  is,  finally,  re- 
duced to  nothing.  This  was  the  great  difficulty  with  the  old  bat- 
teries of  copper  and  zinc.  They  could  only  be  charged  with 
feeble  acid,  and  this  rapidly  disappeared,  being  converted  into  sul- 
phate of  zinc  by  combining  with  the  oxide  of  zinc;  and  as  the 
amount  of  acid  diminished,  the  power  of  the  instrument  failed, 
and,  in  a  few  minutes,  came  to  an  end.  To  obtain  quantity  of  gal- 
vanism, the  batteries  of  Wollaston,  Cruickshanks,  Children  and 
Hare,  were  made  on  an  immense  scale,  offering  hundreds  of 
square  feet  of  metallic  surface,  but  they  acted  only  for  a  short 
time;  and,  after  a  few  trials,  the  metal  had  to  be  taken  out  and 
scrubbed  bright  to  make  them  again  active. 

The  greatest  improvements  made  of  late  in  galvanism,  are  in  the 
construction  of  portable  instruments,  possessing  great  power,  or 
the  quality  of  continuing  in  activity  during  a  long  period.  To  the 
former,  belongs  Grove's  battery,  and  to  the  latter,  DanielVs  con- 
stant battery,  both  of  which  will  be  presently  described.  In  the 
first,  the  action  is  maintained  for  a  long  time,  and  by  the  violence 
of  the  chemical  changes  (there  being  two  fluids  polarizing  by  their 
action  the  molecules  in  the  same  direction),  it  is  in  great  amount; 
in  the  latter,  the  object  is  to  keep  the  action  steady,  by  restoring 
a  fresh  particle  of  sulphuric  acid  for  every  one  that  is  removed 
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by  combination,  so  as  to  keep  the  fluid  of  equal  acidity  through- 
out  the  time  of  its  employment,  which  may  be  prolonged  for 

weeks. 

Ohm's  Researches. — Professor  Ohm  has  studied  the  conditions 
necessary  to  the  development  of  power  in  the  galvanic  apparatus, 
and  reduced  them  to  mathematical  propositions.  They  are  as  fol- 
lows: 

1.  The  electromotive  force  varies  with  the  number  of  the 
fluids  and  metals,  and  with  their  chemical  nature,  but  does  not 
depend  on  their  amount. 

2.  The  resistance  to  the  galvanic  force  is  directly  proportional 
to  the  distance  between  the  immersed  portions  of  the  plates,  the 
resistance  of  the  fluid  itself,  and  the  length  of  the  polar  wires— 
and  inversely  proportional  to  the  immersed  surface  of  the  plates, 
and  the  section  or  thickness  of  the  wires. 

3.  Therefore,  the  force  of  the  current  is  equal  to  the  electro- 
motive force  divided  by  the  sum  of  the  resistances. 

Effects  of  the  Simple  Circle. — By  means  of  a  single  circle,  we 
are  enabled  to  produce  a  variety  of  electrical  effects.  By  break- 
ing the  contact  between  the  polar  wires,  the  electrical  spark  may 
be  seen,  and  there  is  this  remarkable  difference  between  the  spark 
of  the  galvanic  arrangement  and  the  electrical  machine,  that  it  has 
scarcely  any  striking  distance  even  in  powerful  batteries.  If  the 
poles  be  applied  to  the  tongue,  one  being  placed  above  and  the 
other  below,  a  slight  shock,  accompanied  with  a  metallic  taste,  is 
perceived.  By  means  of  the  electroscope,  we  also  discover  the 
presence  of  electrical  disturbance.  There  is  an  additional  test 
of  great  value.  It  has  been  known  for  many  years,  that  a  stroke 
of  lightning  occasionally  destroyed  the  polarity  of  the  magnetic 
needle,  and  CErsted,  in  1819,  showed  that,  when  an  electrified 
wire  was  placed  near  a  magnetic  needle,  it  was  disturbed  from  its 
true  position — hence,  this  change  in  direction  has  become  a  test 
of  electrical  disturbance,  and  especially  in  galvanism,  which  is, 
therefore,  associated  with  common  electricity,  in  this  respect,  as 
well  as  in  the  foregoing.  It  has  also  been  shown,  that  heat  is 
often  produced  by  electricity,  and  this  is  strikingly  the  case  in  gal- 
vanism, heat  being  developed  in  great  amount  wherever  the  sur- 
face of  the  immersed  metals  is  large,  and  the  exciting  fluid  of 
great  activity. 

Galvanic  Batteries. — The  simple  circle  may  satisfy  us  that 
galvanism  and  electricity  are  the  same  force,  but  if  we  wish  to 
observe  the  properties  of  galvanism,  it  is  necessary  to  combine  a 
number  of  circles,  or,  in  other  words,  to  employ  the  battery,  I" 
the  present  day,  Grove's  battery  is  preferred,  but  Smee's  and 
Daniell's  constant  battery  are  often  useful.  Of  the  old  batteries,  it 
may  be  enough  to  say  that  they  were  cumbrous  and  expensive, 
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and  consisted  of  pairs  of  zinc  and  copper  plates  fastened  into  a 
square  wooden  trough,  into  which  the  active  fluid  was  poured, 
as  in  Fig.  26.  The  zinc  plates  were  all  on  one  side,  and  the 
copper  on  the  other,  so  that  each  cell  contained  a  copper  and 
zinc  plate;  the  pairs  being  separated  from  each  other  by  the  fluid. 
From  the  last  metals,  the  polar  wires  proceeded.  In  batteries  in- 
tended to  generate  a  large  quantity  of  galvanism,  the  plates  were 

Fig.  26. 


very  large,  and  either  one  or  very  few;  when  tension  or  intensity 
was  desired,  the  plates  were  small  but  numerous,  amounting,  in 
some  experiments,  to  many  thousands.  The  most  important 
modern  instruments  are  described  in  the  following  paragraphs. 

The  voltaic  pile,  which  was  the  first  battery  invented,  consisted 
of  square  pieces  of  copper  and  zinc,  arranged  in  pairs,  and  the 
pairs  were  separated  by  pieces  of  cloth,  moistened  with  salt  and 
water. 

Grove's  Battery. — This  instrument  is  particularly  remarkable 
for  the  great  amount  of  heat  it  sets  in  motion,  even  when  the  re- 
sistance is  moderate.  When  the  number  of  circles  or  pairs  ex- 
ceeds twelve,  it  also  exhibits  considerable  intensity.  It  is  porta- 
ble, and  continues  in  powerful  action  for  half  an  hour  or  more, 
and  in  considerable  activity  for  two  days.  Hence,  it  is  preferred 
for  general  purposes  to  all  modern  batteries. 

The  circle  or  pair,  Fig.  27,  consists  of  two  metals  and  two 
fluids,  the  latter  separated  from  one  another  by  a  por- 
ous vessel  of  unglazed  earthenware.  The  metals  are 
amalgamated  zinc  for  the  positive  element,  and  plati- 
num for  the  negative ;  the  poles  are  of  copper  usually. 
The  fluids  are  diluted  sulphuric  acid,  and  strong  nitric 
acid.  The  circle  is  usually  arranged  in  glazed  earthen- 
ware jars,  or  stout  glass  tumblers,  the  zinc  being  cast 
into  cylinders  with  a  branch  for  the  purpose  of  con- 
necting with  the  platinum  pole  of  the  adjoining  pair. 
The  cylinder  of  zinc  is  placed  in  the  jar,  and  within 
this  the  porous  cylindrical  vessel,  closed  below,  but 
open  above,  and  furnished  with  a  flange  to  suspend  it  in 
the  zinc ;  in  the  centre  of  this  is  the  platinum  connected  with  the 
zinc  of  the  next  jar.  The  sulphuric  acid  is  placed  in  the  outer 
vessel,  and  the  nitric  acid  in  the  porous  cylinder.     In  the  bat- 


Fig.  27. 


96 


GALVANIC  BATTERIES. 


tery,  the  jars  are  placed  side  by  side  in  one,  two  or  more  rows, 
and  connected  in  the  order  indicated,  the  zinc  of  one  with  the 
platinum  of  the  other,  the  series  being  uniform  throughout,  and 
not  anywhere  reversed.  For  if,  in  any  case,  the  zinc  of  two 
cups  be  united,  or  two  of  the  platina  strips,  the  order  is  broken 
and  the  battery  becomes  powerless.  The  union  is  commonly- 
made  by  soldering  the  platinum,  which  is  usually  a  strip  of  one  half 
to  one  inch  wide,  and  of  the  length  of  the  porous  cylinder,  to  the 
branch  of  the  zinc  of  the  adjoining  pair.  From  the  last  zinc  and 
copper,  proceed  the  poles  or  electrodes.  The  size  of  the  jars 
and  zinc  cylinders,  will  depend  upon  the  quantity  of  galvanism 
required;  but  pint  vessels,  with  the  metals  in  proportion,  are  com- 
monly selected.  Professor  Bunsen  has  modified  this  battery,  by 
introducing  the  hard  carbon  of  the  gas  houses  in  the  place  of  the 
platinum.     This  is  called  Bunsen's  battery. 

The  electromotive  source  in  this  battery  is  the  oxydation  of 
zinc  by  the  decomposition  of  water,  but  the  hydrogen  of  the 
water,  instead  of  being  liberated  at  the  platinum  surface,  decom- 
poses the  nitric  acid,  and  again  forms  water  with  a  portion  of  its 
oxygen,  whilst  the  gaseous  nitrous  oxide  is  liberated  in  red  fumes 
of  a  suffocating  odor.  By  this  reunion,  the  polarity  of  the  whole 
arrangement  is  assisted,  the  water  being  reformed.  The  sul- 
phuric acid  employed,  may  be  stronger  than  that  formerly  used. 
Fifty  pairs  produce  the  most  brilliant  results  of  ignition  and  che- 
mical change,  but  very  striking  effects  may  be  obtained  with 
twelve. 

DanieWs  constant  Battery. — The  circle  in  this  case  consists  of 
two  metals,  copper  and  zinc;  and  two  fluids,  dilute  sulphuric 
acid  and  solution  of  sulphate  of  copper,  (blue  vitriol;)  these  are 
separated  by  a   porous  earthenware  cylinde-         by  a  glass  tube, 

closed  below  with  bladder.    The  cir- 
FlS-  28-  cle  is  arranged  as  follows — the  cop- 

per is   made  of  the  figure  of  a  jar, 
with  a   projecting  rod   or  wire,  by 
which   it  may  be  put  in  connection 
with  the  zinc  of  the  adjoining  pair; 
it  contains  the  copper  solution;  cen- 
trally the  porous  vessel  is  situated; 
this  is  nearly  filled  with  dilute  sul- 
phuric acid,  and  contains   a  rod  of 
amalgamated  zinc,  which  bears  an 
upright  arm  or  offset,  to  place  it  in 
communication  with  the  copper  cup 
of  the  next  circle.     The   communicating  rods  are  usually  fur- 
nished with  binding  screws,  whereby  the  connection  can  be  readily 
made  between  the  pairs. 
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In  this  apparatus,  the  action  of  oxygen  is,  as  before,  the  active 
principle,  but  the  hydrogen  is  not  evolved  by  the  copper  surface, 
for  as  soon  as  it  encounters  the  sulphate  of  copper,  chemical  decom- 
position occurs,  the  copper  is  set  free,  its  oxygen  unites  with  the 
hydrogen  to  form  water,  and  the  sulphuric  acid  entering  the  zinc 
cell,  serves  to  restore  the  strength  of  the  acid  there.  Hence,  for 
every  atom  of  acid  which  is  removed,  by  uniting  with  the  oxide 
of  zinc,  formed  by  oxidation,  there  is  an  atom  restored  by  the 
decomposing  action  of  the  hydrogen  on  the  sulphate  of  copper. 
Therefore,  the  strength  of  the  sulphuric  acid  being  rigorously 
maintained,  the  action  is  sustained,  and  would  be  absolutely  con- 
stant, if  the  zinc  were  not  dissolved.  With  a  thick  zinc  rod,  the 
action  may  be  prolonged  for  weeks.  This  battery  would  be  of 
use  for  medical  purposes,  but  is  now  partially  superseded  by  the 
electrotome.  It  may,  however,  be  recommended  as  the  source  of 
power  in  this  machine.  The  principal  use  of  Daniell's  battery 
is,  in  effecting  chemical  changes  which  require  galvanism  of  little 
quantity,  but  of  tension  to  act  for  a  long  time.  Figure  28  repre- 
sents this  battery. 

Smee's  Battery. — This  variety  can  scarcely  be  called  a  battery, 
for  the  circles  are  ordinarily  employed  alone.  Its  chief  use  is  in 
electro-casting  of  various  kinds,  and  it  is  now  used  extensively  in 
the  arts.  The  circle  consists  of  two  stout  plates  of  amalgamated 
zinc,  placed  parallel  to  each  other,  with  a  thin  sheet  of  platinized 
silver  between  them.  The  plates  are  arranged  close  together,  and 
have  strips  of  wood  between  them  above,  and  corks  below,  to 
secure  them  in  their  places.  The  upper  pieces  of  wood  also 
serve  to  suspend  the  plates  from  the  sides  of  a  glass  or  earthen- 
ware jar.  The  platinized  silver  carries  an  upright  wire  with  a 
binding  screw  to  '  hie  the  operater  to  connect  it  with  the  zinc 
of  the  adjoining  pair,  or  to  sustain  the  polar  wire.  The  two  zinc 
plates  are  held  firmly  together,  outside  the  wood,  by  a  clamp  of 
brass,  which  also  puts  them  in  electrical  contact;  one  of  them 
carries  a  binding  screw  for  the  same  purposes  as  that  of  the  sil- 
ver. The  active  fluid  is  dilute  sulphuric  acid,  and  the  cell  is  a 
glass  tumbler,  usually  of  a  quart  size. 

Other  interesting  combinations  exist,  which  are,  however,  of 
no  practical  value.  Professor  Grove  invented  a  gas  battery,  con- 
sisting of  tubes,  containing  hydrogen  and  oxygen,  the  electromo- 
tive source  of  which  was  the  union  of  these  bodies,  by  means  of 
spongy  platinum.  A  feeble  galvanic  action  may  also  be  obtained 
by  piling  slices  of  brain  and  muscle  in  a  regular  succession,  and 
keeping  the  arrangement  moist. 

Galvanic    Effects. — When  a  powerful   Grove's  battery   is 
employed,  the  effects   are  very  striking;  they  are  chiefly  cases  of 
ignition,  the  production  of  light,  shocks,  and  chemical  decompo- 
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sition.  But  by  using  a  ^^  Me^  OV  ZZl\^t^ete 
the  phenomena  of  induction  may  be  produced,  which  are  the 
most  remarkable  effects  of  this  agent.  The  action  on  the  human 
ESy  will  be  considered  under  the  section  on  Animal  Galvanism. 
One  of  the  most  important  applications  of  the  force  is  in  the 
casting  of  metals,  or  the  electrotype.  We  shall  consider  these 
effects  in  a  few  paragraphs. 

The  Deflagrating  Power.— When  the  polar  wires  of  a  power- 
ful Grove's  battery  are  gently  separated,  an  intensely  brilliant  in- 
terval is  perceived,  which  consists  of  the  action  of  the  galvanic 
force  on  the  particles  of  non-conducting  air  and  the  metal.  1  he 
spark  or  luminous  interval  is  of  different  colors,  according  to  the 
nature  of  the  metals,  being  green  between  two  copper  wires, 
bluish  green  between  gold,  whitish  blue  when  one  of  the  poles 
terminates  in  a  cup  of  mercury,  and  the  other  nearly  touches  its 
surface.  If  gold,  silver  or  other  foil  be  placed  between  the  poles, 
it  is  rapidly  volatilized.  Iron  wire  burns  with  brilliant  scinti  11a- 
tions.  A  thin  strip  of  platinum  being  adjusted  to  the  poles,  be- 
comes white  hot,  throwing  out  an  intense  white  light. 

If  the  platinum  be  very  fine,  it  may  be  heated  by  a  simple  circle, 
or  at  a  considerable  distance  by  a  battery  ;  hence  it  has  been  made 
use  of  as  a  means  of  exploding  gunpowder  in  blasting,  and  tor  mili- 
tary purposes.     We  believe  the  credit  of  having  first  proposed 
this  means  of  blasting  belongs  to  Professor  Hare.     By  adopting 
it  in  mining  operations  and  extensive   undertakings,  many  acci- 
dents might  be  avoided,  and  better  results   obtained  on  a  large 
scale.     For  this  purpose,  the  gunpowder  is  enclosed  in  a  suitable 
canister,  through  which  pass  two  copper  wires,  insulated  from 
the  metal  by  a  coating  of  silk,  Indian  rubber,  or  other  non-con- 
ducting body.     The  wires  proceed  to  the  centre  of  the  combus- 
tible, and  are  united  at  their  ends  by  an  exceedingly  fine  strip  of 
platinum.     The  polar  wires  at  their  battery  ends  can  be  put  in 
connection  with  the  apparatus  at  will,  and  the  moment  the  gal- 
vanic influence  acts  on  them,  the  platinum   is  made  red  hot,  and 
explodes    the    powder.     By    this    means,    a    mass    of  material, 
amounting  to   many  thousand  tons,   was   removed  by  a   single 
blast,  in  the  excavations  made  for  the  London  and  Dover  railway. 
Ships  may  also  be  blown  to  pieces  at  a  distance  of  half  a  mile 
and  upwards,  with  a  battery  on  shore,  by  exploding  a  water-tight 
canister,  containing  several  hundred  weights  of  gunpowder,  and 
placed  in  the   channel.     This  project  has,  indeed,  been  looked 
upon  as  a  means  of  defence  in  the  case  of  invasion. 

The  temperature  attainable  in  a  small  space  by  a  powerful 
battery,  probably  exceeds  that  which  can  be  obtained  in  any  other 
way,  except  perhaps  Professor  Hare's  oxy-hydrogen  blowpipe. 
By  this  means  the  most  refractory  metals  are  fused,  and  many,  as 
gold,  entirely  volatilized. 
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The  Production  of  Light.— If  the  poles  of  the  battery  be  made 
to  terminate  in  conical  pieces  of  hard  charcoal,  or  the  carbona- 
ceous substance  used  as  luting  for  coal  gas  retorts,  there  is  pro- 
duced the  most  intense  artificial  light.  It  is  white,  and  surrounded 
by  dazzling  irradiations,  and  may  be  made  of  considerable  amount, 
by  cautiously  separating  the  points.  The  separation,  when  a 
powerful  battery  is  used,  may  be  upwards  of  an  inch,  in  which 
case,  the  flame  is  arched.  But  if  the  points  be  placed  in  vacuo, 
the  flame  is  rectilinear  and  equally  intense.  The  origin  of  the 
flame  is  not,  therefore,  due  to  the  combustion  of  the  carbon,  but 
results  from  the  conversion  of  the  electrical  disturbance  into  heat, 
from  resistance  to  its  propagation,  and  which  volatilizes  the  mole- 
cules of  carbon,  and  is  analogous  to  the  production  of  heat  in 
those  metals  which  interrupt  the  current. 

It  has  been  proposed  to  use  this  apparatus  for  illumination. 
The  intensity  of  the  light  is  such,  that  an  apparatus,  set  up  in 
an  open  place,  at  a  suitable  elevation,  would  illuminate  many  acres 
of  surface;  but  in  cities,  the  houses  are  too  crowded  to  allow  of 
its  employment,  considering  the  expense  necessary  in  establishing 
the  light.  The  batteries  would  have  to  be  rapidly  renewed,  and 
demand  constant  attention  to  maintain  the  brilliancy  of  the  arch 
of  flame.  Another  similar  proposition  has  been  made — to  use 
a  spiral  coil  of  platinum  for  illumination,  but  the  light  is  less  in- 
tense in  this  case,  demands  as  much  attention,  and  is  equally  ex- 
pensive. 

Chemical  Decompositions. — If  the  poles  of  a  battery  of  many 
pairs,  or  a  battery  of  intensity,  be  immersed  in  acidulated  water, 
the  water  is  decomposed,  and  if  the  wires  be  of  platinum,  the 
gases,  of  which  water  is  composed,  are  evolved.  Numerous  so- 
lutions are  acted  on  in  the  same  way,  especially  the  iodides  of  po- 
tassium and  sodium,  and  the  bromides,  chlorides,  or  oxides  of  the 
same  bodies.  Mr.  Faraday  has  studied  this  property  of  the  bat- 
tery with  extraordinary  success,  and  arrived  at  the  following 
general  conclusions. 

1st.  That  only  particular  substances  are  susceptible  of  decom- 
position; such  are,  conductors  containing  two  elements,  as  water, 
which  consists  of  oxygen  and  hydrogen.  To  such  bodies  he  has 
given  the  name  of  electrolytes ;  the  process  of  decomposition  he 
terms  electrolysis;  and  the  poles  electrodes.  This  law  is  ex- 
pressed concisely  as  follows  :  All  compounds,  susceptible  of  pri- 
mary electrolysis,  are  of  binary  composition,  containing  one  atom 
of  each  element,  and  soluble. 

2d.  Metallic  salts,  which  are  soluble  in  an  electrolyte,  frequent- 
ly undergo  secondary  decomposition.  Thus,  sulphate  of  copper 
dissolved  in  water,  is  a  metallic  salt,  containing  three  elements, 
(copper,  sulphur,  and  oxygen,)  and  not  electrolyzable,  but  united 
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with  water,  it  becomes  decomposed.  The  action  commences  in 
the  water,  which  is  an  electrolyte;  the  hydrogen  and  oxygen  are 
separated,  but  of  these  the  oxygen  only  is  liberated ;  the  free  hy- 
drogen, said  to  be  in  a  nascent  state,  exerts  chemical  action  on 
the  oxygen  of  the  sulphate  of  copper,  removing  it  from  the  metal 
and  reforming  water.  The  copper  being  no  longer  oxidized, 
cannot  unite  with  sulphuric  acid,  and  is  deposited  on  the  surface 
of  the  negative  pole.  The  same  is  true  for  metallic  iodides, 
chlorides,  cyanides,  and  bromides,  dissolved  in  suitable  solutions, 
and  for  metallic  salts  generally.  When  alkaline  salts  are  em- 
ployed, the  acid  is  found  at  the  positive  pole,  and  the  alkali  at 
the  negative,  hydrogen  being  incapable  of  reducing  the  alkaline 
metals. 

3d.  The  decomposition  is  perfectly  definite.  The  same  cur- 
rent passing  through  different  electrolytes  for  the  same  space  of 
time,  will  liberate  the  elements  in  the  rigorous  proportion  of  their 
atomic  weights.  Thus,  if  we  submit  the  electrolytic  solutions  of 
iodine,  there  will  always  be  found  the  same  weight  of  iodine  at 
the  electro-positive,  or  -f-  pole,  but  the  weights  at  the  electro- 
negative pole  will  be  as  the  equivalents  of  the  metallic  bodies. 
The  atomic  weights  or  equivalents  will  be  found  in  the  next  divi- 
sion of  this  work.  By  way  of  illustration,  it  may  be  remarked,  that 
the  atomic  weight  of  water  is  9;  of  iodide  of  potassium,  165*86; 
of  chloride  of  sodium,  58*78 ;  and  that  the  same  current  will  de- 
compose in  the  same  time,  9  grains  of  water,  165*86  grains  of 
iodide  of  potassium,  and  58*78  grains  of  chloride  of  sodium. 
And  this  is  true  for  every  case  of  primary  or  secondary  decompo- 
sition, and  proves  that  the  chemical  force  is  a  galvanic  force,  and 
that  the  atomic  theory,  which  attributes  to  the  atoms  of  matter 
definite  weights,  rests  on  the  basis  of  experiment.  In  these  cases, 
the  power  (galvanic)  which  held  the  atoms  in  combination,  is 
neutralized  by  the  galvanic  current,  which  operates  more  power- 
fully in  an  opposite  direction;  they,  therefore,  obey  new  polar  ar- 
rangements opposed  to  those  acting  to  produce  their  union.  In 
virtue  of  the  identity  of  the  galvanic  force  and  chemical  affinity, 
Graham  has  termed  the  galvanic  current — current  affinity. 
\  So  rigid  are  the  chemical  relations  of  the  battery,  that,  if  we 
allow  for  the  losses  arising  from  resistance  in  the  instrument,  we 
shall  find,  that  precisely  the  same  amount  of  decomposition  takes 
place  in  the  active  fluid,  and  in  the  decomposing  cell.  If  water, 
similarly  acidulated,  be  placed  in  both,  there  will  be  decomposed 
a  grain  of  the  fluid  for  every  grain  changed  in  the  generating  cell. 
Indeed,  in  these  cases  of  decomposition,  we  only  modify  the  gal- 
vanic circle,  for,  instead  of  its  containing  three  parts,  or  supposi- 
titious magnets,  it  now  has  four — the  fluid  of  the  generating  cell, 
which  has  a  +  and  —  end,  the  metals  and  the  fluid  of  the  de- 
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composing  cell,  which  has  also  its  +  arid  —  end — and  we'may  as 
conveniently  adopt  the  view  that  the  electromotive  force  is  in  one 
cell,  as  in  the  other. 

This  consideration  enables  us  to  understand  some  points,  which 
are  almost  in  dispute  among  electricians.  It  was  formerly  con- 
ceived, that  the  poles  or  electrodes  acted  as  centres  of  attraction, 
and  that  an  atom  of  oxygen  was  drawn  through  the  thickness 
of  the  decomposing  fluid  by  their  action.  This  supposition  is 
unnecessary,  for  all  the  action  takes  place  at  the  surface  of  the 
electrodes,  which  may  be  points  or  large  surfaces,  metallic,  solid, 
or  fluid,  with  equal  indifference.  The  polar  states  of  the  elec- 
trodes are  communicated  by  induction  to  each  particle  of  the  in- 
tervening fluid;  if  this  be  water,  the  compound  molecules  arrange 
themselves  with  all  their  oxygen  particles  turned  towards  the  po- 
sitive pole,  and  all  their  hydrogen  towards  the  negative  pole  or 
surface.  The  fluid  magnet  is  thus  formed,  and  remains  stationary, 
if  the  force  of  the  electrodes  be  less,  or  equal  to  the  chemical  at- 
traction existing  between  particle  and  particle  of  the  liquid  ;  but  if 
it  be  greater,  the  ultimate  molecules  of  the  line  are  attracted  to 
the  poles,  unite  with  it  if  their  chemical  nature  permits,  or  are 
liberated,  if  there  be  no  chemical  relation.  It  is  to  avoid  the  che- 
mical combination  that  platinum  poles  are  employed  in  the  place 
of  copper,  which  is  so  superior  in  conducting  power.  The  ter- 
minal atoms  being  liberated,  the  polar  state  is  restored  throughout 
the  fluid,  and  union  occurs  along  the  line  of  particles,  or  what 
Grotthaus  calls  recombination,  takes  place  particle  with  particle. 
The  forced  or  polar  state  is  again  reproduced,  with  a  similar  re- 
sult, and  thus  a  succession  of  waves  takes  place  throughout  each 
line  of  atoms,  and  always  in  the  same  direction.  No  disengage- 
ment of  gas,  or  other  product  of  change,  takes  place  anywhere  but 
at  the  electrodes,  or  where  the  separated  molecules  can  no  longer 
find  atoms  to  recombine  with. 

Electro-Chemical  Theory. — The  views  of  Davy,  termed  the 
electro-chemical  theory,  were  dependent  upon  the  above  facts. 
It  has  been  modified,  in  recent  times,  by  Ampere  and  Berzelius, 
to  clear  up  hypothetic  defects,  but  otherwise  the  theory  has  been 
approved  for  upwards  of  half  a  century.  Some  exceptions  pre- 
sent themselves  to  it,  at  present,  which  may,  however,  be  dissi- 
pated by  further  study.  Whether  it  stand  or  fall,  this  theory  has 
contributed  so  much  to  the  advancement  of  chemistry,  and  is  so 
connected  with  the  subject,  that  traces  of  it  will  remain  as  long 
as  the  science  is  cultivated. 

Davy  conceived  that  atoms  in  the  state  of  rest,  have  no  free 
electricity,  but  become  excited  by  contact  with  certain  bodies, 
and  combine  in  consequence  of  the  attraction  arising  between 
the  dissimilar  electricities  of  the  molecules.     He  divided  matter 
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into  two  classes,  according  to  the  supposed  preference  for  one 
or  the  other  electricity.  Thus  oxygen,  chlorine  and  certain  other 
elements,  are  always  found  at  the  positive  pole  when  their  com- 
pounds with  metals  are  decomposed  ;  hence  their  electrical  pre- 
ference is  for  this  part  of  the  arrangement,  because  they  are  them- 
selves of  a  negative  electricity  under  excitement.  These  bodies 
were,  therefore,  termed  Electro-negative  elements,  whilst  the 
metals  which  selected  the  —  pole,  were  termed  Electro-positive 
elements.  Upon  further  examination,  it  was  also  found  that  acids 
were  electro-negative,  and  the  oxides  or  bases,  with  which  they 
were  combined,  were  electro-positive.  Further  experience  has 
shown  that  the  electrical  condition  is  not  a  property  of  the  matter, 
but  depends  upon  the  element  or  body  with  which  it  is  in  con- 
tact; for  iodine  is  positive  to  oxygen  and  chlorine,  but  negative 
to  all  the  metals;  so  mercury  is  positive  to  the  haloid  bodies,  and 
negative  to  most  metals.  Of  all  the  elements,  oxygen  and  potas- 
sium appear  to  be  the  only  ones  which  remain  invariably  in  the 
same  state,  in  the  act  of  combination  oxygen  being  always  elec- 
tro-negative, and  potassium  electro-positive.  The  persistence  of 
a  compound  often  depends  upon  the  intensity  of  affinity  of  the 
elements  for  different  poles. 

The  following  table  from  Professor  Kane,  exhibits  the  electri- 
cal relations  of  the  principal  elements.  The  most  powerfully 
negative  bodies  are  placed  in  the  first,  and  those  most  positive  in 
the  fourth  column — substances  intermediate  in  their  electrical  ac- 
tivity are  placed  in  the  central  columns.  Any  substance  is  posi- 
tive with  respect  to  those  towards  which  the  arrows  point,  and 
negative  towards  those  bodies  placed  in  the  reverse  direction. 

Table  showing  the  Electrical  Relations  of  the  Elements  to  one 

ANOTHER. 

Electro-negative.  Electro-positive. 


*  Oxygen. 

Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

Sulphur. 

Selenium. 

Tellurium. 

Nitrogen. 

Phosphorus. 

Arsenic. 

Antimony. 

Silicon. 

Boron. 


Mercury. 

Palladium. 

Chromium. 

Silver. 

"V  anadium. 

Copper. 

Iridium. 

Lead. 

Rhodium. 

Tin. 

Uranium. 

Bismuth. 

Osmium. 

\    Cobalt. 

Platinum. 

m    Nickel. 

Titanium. 

Iron. 

Gold. 

Manganese. 

Molybdenum. 

Cadmium. 

Tungsten. 

Zinc. 

Columbium. 

Hydrogen. 

'  Carbon. 

Potassium. 

Sodium. 

Lithium. 

Barium. 

Strontium. 

Calcium. 

Magnesium. 

Glueinum. 

Yttrium. 

Thorium. 

Aluminum. 

Zirconium. 

Lanthanum. 

Cerium. 


*  The  substances  in  Italics  are  of  the  greatest  importance  to  the  medical 
chemist 
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In  the  case  of  compound  bodies,  decomposition  is  accomplished 
in  a  secondary  manner,  and  acids,  alkalies,  and  other  substances, 
deposited  at  the  electrodes.  Some  compounds,  altogether  inca- 
pable of  decomposition  by  galvanism,  are  still  spoken  of  as  con- 
sisting of  an  electro-positive  and  electro-negative  part.  The  fol- 
lowing scheme  represents  the  electric  state  of  the  parts  of  any 
compound. 


Name  of  substance.         Electronegative  body 

Binary  compound     - 
Salt 

Organic  compound 


Electro-positive  body. 

Haloid  constituent  -      Metallic  radical. 
Acid Base. 


\  impound  Haloid    }  Compound  radical.    (Basyle.) 

The  substances  called  haloid,  are  oxygen,  chlorine,  iodine, 
bromine,  cyanogen,  and  a  few  others. 

The  Electrotype. — The  electrotype  is  a  beautiful  application 
of  electro-chemical  decomposition.  It  is  intended  for  the  preci- 
pitation of  metals  on  surfaces  of  any  kind  prepared  for  the  pur- 
pose; when  gold  is  employed,  the  process  is  sometimes  called 
electro-gilding,  when  silver,  electro-plating.  It  is  also  used  for 
obtaining  copies  of  engravings,  by  depositing  copper  on  the  sur- 
face of  the  original ;  in  this  case,  it  is  termed  electro-engraving. 
There  are  other  applications  for  embossing,  &c. 

For  these  purposes,  Smee's  battery,  or  one  circle  of  his  arrange- 
ment, is  employed.  The  generating  cell  is  charged  with  dilute  sul- 
phuric acid,  and  the  decomposing  cell,  which  may  be  a  tumbler, 
tureen,  or  any  similar  vessel,  contains  a  solution  of  the  desired 
metal  in  an  electrolyte.  For  the  precipitation  of  copper,  a  concen- 
trated solution  of  sulphate  of  copper  is  employed.  To  the  negative 
pole  of  the  battery  the  object  to  be  copied  is  attached,  such  parts 
only  as  are  destined  to  receive  the 
metallic  deposit  being  exposed,  the 
rest  being  covered  with  varnish,  wax, 
or  sealing  wax,  which  are  non-con- 
ductors. To  the  positive  pole  is  at- 
tached a  plate  of  the  metal  to  be  pre- 
cipitated— copper  if  we  desire  a  cop- 
per type,  gold  if  we  design  gilding 
the  object.  Any  substance  can  be 
coated' with  metal  if  its  surface  be 
smeared  with  plumbago,  and  contact 
established  with  the  negative  pole. 
When  engravings  of  coins  are  used, 
a  coating  of  plumbago  hinders  the  metal  from  adhering 
figure  (Fig.  29),  represents  Smee's  instrument  in  action 
is  the  decomposing  cell;  Z  is  the  negative  polar  wire,  to  which 
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the  coin  N  is  attached;  S  is  the  positive  polar  wire,  to  which  a 
mass  of  metal,  either  copper,  gold,  silver,  &c,  according  to  the 
operation,  is  attached  at  C. 

In  electro-gilding,  a  concentrated  solution  of  cyanide  of  potas- 
sium is  used  as  the  solvent  of  the  cyanide  of  gold,  and  the  nega- 
tive pole  contains  gold  foil.  In  plating  and  platinizing,  the  same 
solvent  is  used.  In  these  processes,  a  little  attention  is  neces- 
sary to  hinder  the  metal  from  being  precipitated  in  the  black  granu- 
lar state,  which  occurs  if  the  solution  be  too  weak.  The  decom- 
position in  these  cases  is  similar  to  that  described  in  Daniell's 
battery,  the  hydrogen  of  the  water,  which  is  primarily  decomposed, 
causing  the  separation  of  the  gold  or  other  metal  from  the  cy- 
anide. 

The  Inductive  Action  of  Galvanism. — In  the  same  way  that 
the  electrical  disturbance  of  the  prime  conductor  of  the  machine, 
or  a  magnet,  is  capable  of  affecting  neighboring  conductors,  so  a 
galvanic  current  disturbs  the  polarity  of  substances  situated  near 
its  course.  If  we  place  a  copper  wire,  coated  with  varnish,  seal- 
ing wax,  cotton  or  silk,  near  the  electrodes  of  a  galvanic  circle, 
every  time  contact  is  made  between  the  positive  and  negative 
poles,  an  electric  wave  will  pass  along  the  secondary  wire.  The 
power  of  the  secondary  current  will  depend  upon  the  thickness 
and  length  of  the  wire,  and  its  approximation  to  the  electrodes. 
The  current  of  the  galvanic  battery  not  having  an  appreciable 
striking  distance,  the  wires  can  be  placed  very  close  together,  a 
film  of  varnish  being  sufficient  to  insulate  them.  The  polarities 
of  the  secondary  wire  are  the  reverse  of  those  of  the  primary. 
A  third,  fourth,  fifth,  sixth,  &c,  wire  may  be  employed,  and  in- 
duced currents  will  arise  in  all,  each  being  in  the  inverse  direction 
of  the  one  before  it,  and  the  intensity  diminishing  with  the  dis- 
tance. Ribbons  of  metallic  foil,  covered  with  silk,  may  be  sub- 
stituted for  the  wires  with  advantage,  as  several  can  be  packed 
together.  Induced  currents  take  place  in  all,  but  are  most  power- 
ful in  the  best  conductors. 

It  will  be  observed,  that  the  current,  or  molecular  change,  oc- 
curs only  at  the  time  of  forming  and  breaking  the  contact  between 
the  electrodes.  Hence  the  use  of  induced  currents  for  giving 
shocks,  producing  decomposition,  &c,  would  be  unimportant 
without  some  contrivance  for  breaking  and  forming  the  galvanic 
circle  with  great  rapidity.  At  first,  this  was  accomplished  by 
terminating  one  of  the  electrodes  in  a  piece  of  metal  resembling 
a  file,  or  the  surface  of  which  was  roughened  by  fissures;  the 
other  pole  being  moved  over  this  uneven  surface,  contact  was 
made  and  broken  every  time  the  wire  passed  from  a  projection 
over  a  fissure.  At  these  points,  a  spark  passed,  and  the  molecu- 
lar change  or  current  took  place  backwards  and  forwards  through 
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both  the  primary  and  secondary  wires.  When  contact  was  made, 
the  current  passed  in  a  given  direction,  or  outwards  when  broken 
restoration  took  place  or  the  wave  returned,  and  thus  by  rapidly 
producing  impulses  of  action  and  reaction,  a  continuous  decom- 
posing effect,  or  prolonged  nervous  shock,  could  be  obtained.  At 
the  present  day,  other  contrivances,  acting  on  the  same  principle, 
and  called  rheometers,  are  employed.  The  principal  of  which  is,  a 
small  temporary  magnet,  before  which  is  placed  a  metallic  spring 
that  is  drawn  to  the  magnet  by  attraction  at  one  instant,  and  then 
reacts,  springing  away  from  it,  and  thus  breaks  and  establishes 
the  current  with  immense  rapidity. 

One  of  the  best  instruments  for  the  purpose  of  putting  persons 
under  the  influence  of  rapid  shocks  of  galvanism  (electricity),  is 
constructed  on  the  principle  before  us,  and  called  the  electrotome, 
or  vibrating  galvano-magnetic  machine.  It  has  superseded  the 
electrical  machine,  galvanic  battery,  and  magneto-electrical  ma- 
chine, being  cheaper,  more  manageable,  and  producing  effects 
which  may  be  regulated  at  will.  It  can  also  be  intrusted  to  the 
care  of  the  patient  or  his  friends,  and  can  scarcely  be  put  out  of 
order. 

The  electrotome  (Fig.  30)  consists  of  two  parts,  a  simple  cir- 

Fig.  30. 


cle,  usually  Smee's,  E,  or  Daniell's ;  but  a  common  cell  containing 
a  zinc  and  copper  plate,  with  dilute  sulphuric  acid,  answers  very 
well ;  and,  secondly,  an  arrangement  of  wires  for  producing  the 
induced  current.  The  second  part  of  the  machine  consists  of 
two  wires  of  great  length;  one,  of  copper,  to  convey  the  primary 
current  from  the  generating  battery,  and  the  other,  of  fine  iron 
wire,  to  convey  the  induced  current.  Both  are  coated  with  a 
thin  non-conducting  material,  usually  cotton  thread.  They  are 
wound  in  a  helix  Jl,  around  a  frame  of  thin  card-board,  like  thread 
on  a  spool;  the  centre  of  this  frame  is  occupied  by  a  bundle  of 
iron  wires,  not  shown  in  the  figure.  One  end  of  the  primary 
wire  runs  around  the  small  temporary  magnet  to  a  small  clamp, 
to  which  an  electrode  of  the  battery  can  be  made  fast  G— the  other 
terminates  in  the  upright  D,  which  carries  a  spring  and  armature ; 
F  is  a  clamp  to  which  the  second  electrode  is  attached ;  it  is  in 
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communication  with  the  brass  upright  which  carries  the  screw  K. 
As  soon  as  the  current  passes,  the  magnet  attracts  the  armature 
of  D,  and  the  connection  is  broken  thereby.  The  spring,  there- 
fore, reacts,  and  coming  up  to  the  screw  K,  the  current  flows 
again,  attraction  occurs  again,  and  these  phenomena  are  repeated 
many  times  in  a  second.  Each  wave  in  the  primary  wire 
creates  a  wave  in  the  secondary  wire  and  in  the  bundle  of  iron 
rods,  and  the  latter  so  far  reinforces  the  secondary  current  of  the 
wire,  as  to  increase  its  power  to  a  remarkable  extent.  It  acts 
with  the  primary  current  in  this  respect,  so  that  all  the  currents 
are  exalted  in  tension.  The  longer  the  secondary  wire,  and  the 
more  numerous  the  rods,  the  higher  is  the  tension  of  the  current. 

The  patient  receives  a  shock  from  the  secondary  wire,  by  hold- 
ing the  ends  in  either  hand;  for  this  purpose,  convenient  handles 
B  C,  are  provided.  The  shock  of  a  machine  of  this  kind,  set  in 
action  by  a  feeble  circle,  and  consisting  of  two  hundred  yards  of 
fine  wire,  is  very  intense,  transcending  many  hundred  pairs  of 
galvanic  plates.  The  shock  can  be  regulated  with  the  greatest 
nicety  by  diminishing  the  power  of  the  battery,  and  by  diminish- 
ing the  number  of  wires,  or  removing  them  partly  from  the  centre 
of  the  helix.  By  directing  the  poles  of  the  secondary  wire  over 
different  parts  of  the  body,  as  between  the  spine  and  extremities, 
&c,  a  current  can  be  sent  in  any  desired  direction.  The  poles 
may  also  terminate  in  plates,  and  be  applied  over  a  considerable 
surface.  Moistening  the  skin  of  the  part  with  a  strong  solution 
of  salt,  assists  the  passage  of  the  current  in  a  great  degree. 

Dr.  Golding  Bird  seems  to  have  derived  great  benefit  from  an 
electrotome  of  a  thousand  yards  of  fine  wire  with  a  peculiar  rheo- 
meter,  such  that,  the  current  instead  of  flowing  backwards  and 
forwards,  acted  only  in  one  direction.  With  this  instrument,  a 
paralytic  condition  of  the  body  has  been  produced,  amounting,  after 
a  few  minutes  action,  to  an  entire  loss  of  sensation  and  voluntary 
motion,  the  patient  being  completely  enervated.  Similar  results 
have  been  obtained  in  France,  and  this  modification  is  worthy  of 
the  attention  of  the  profession.  I  have  had  one  made  with  eight 
hundred  yards,  but  whilst  it  creates  a  benumbing  sensation,  and 
is  much  less  inconvenient  to  bear  than  the  intermitting  current, 
it  has  not  in  healthy  persons  produced  anything  but  a  partial  pa- 
ralysis of  the  hands  and  wrists.  To  observe  its  effects,  currents 
must  be  directed  from  various  points  of  the  spine  to  the  parts  re- 
ceiving the  nerves,  and  where  the  disease  of  the  patient  justifies 
such  means,  the  skin  should  be  previously  removed  by  blisters, 
and  flat  polar  metals  placed  over  the  denuded  parts.  The  poles, 
in  these  cases,  should  be  of  gold  or  silver.  From  European  ob- 
servation, it  would  appear  that  the  vibrating  current  produced  by 
the  old  electrotome  creates  convulsive  action,  whilst  the  constant 
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current  induces  paralysis  or  exalted  nervous  action,  according  to 
its  direction. 

The  rheometer  is  depicted  in  the  figure;  the  wooden  cylinder 
A  is  furnished  with  metallic  strips  at  intervals,  which  break  and 

Fig.  31. 


form  the  current  by  acting  on  the  silver  springs  B  B ;  the  box  K 
contains  the  electro  tome. 

Electro-Magnetism. — If  the  primary  current  passes  near  to  a 
wire  of  pure  (soft)  iron,  induction  occurs  among  its  molecules, 
and  it  exhibits  a  positive  and  negative  pole,  or  a  north  and  south 
pole.  This  is  temporary,  and  exists  only  so  long  as  the  current 
flows,  or  the  primary  wire  is  at  hand.  If  the  wire  be  of  steel, 
induction  takes  place  slowly,  but  becomes  permanent — in  fact,  a 
true  magnetic  needle  is  formed.  Either  of  these  wires  being  sus- 
pended, will  act  as  a  magnetic  needle.  On  the  contrary,  the 
polar  condition  is  induced  in  a  wire  by  the  proximity  of  a  per- 
manent or  temporary  magnet. 

If  we  wind  a  wire,  coated  with  cotton  thread,  about  a  bar,  rod,  or 
horse-shoe,  of  soft  iron,  and  pass  a  current  of  electricity  along  the 
wire,  the  iron  becomes  a  magnet,  the  force  of  which  is  dependent 
on  the  length  of  the  wire,  the  battery,  and  the  mass  and  purity  of 
the  iron.  Professor  Henry  put  up  a  temporary  or  electro-magnet 
of  this  kind,  which  could  suspend  upwards  of  two  tons  attached 
to  its  armature.  The  instant  the  current  of  the  galvanic  battery 
ceases,  the  iron  loses  all  its  power,  and  these  changes  can  be  pro- 
duced many  hundred  times  in  a  second.  This  offers  one  of  the 
most  striking  instances  of  induction  on  record,  and  proves  that 
the  action  takes  place  at  right  angles  with  the  force,  as  well  as  in 
the  same  plane. 

It  has  been  shown  by  M.  De  la  Rive,  that  if  the  wires  of  a 
small  battery  be  wound  into  a  circle,  or  prolonged  into  a  helix, 
the  arrangement  has  the  movements  of  a  magnetic  needle.  Hence 
a  magnetic  needle  can  be  made  of  copper  or  any  conductor,  if  we 
provide  for  the  molecular  polarities. 

The  Earth's  Magnetism. — This  brings  us  to  the  earth's  mag- 
netism, and  the  reaction  of  permanent  on  temporary  magnets, 
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and  on  galvanic  currents,  or  the  subject  of  Electro-magnetism, 
which  is  of  great  interest,  but  belongs  to  Physics  rather  than  to 
Chemistry.  It  may  suffice  for  us  to  allude  to  the  modern  theory 
of  the  earth's  magnetism,  which  is  attributed  to  thermo-electric 
currents.  The  different  conducting  power  of  metals  (page  27) 
and  other  bodies,  for  heat,  is  a  source  of  electricity  when  heat 
is  applied  along  their  points  of  connection.  The  surface  of  the 
globe  consists  of  land  and  water,  touching  at  all  places ;  these 
exercise  a  very  dissimilar  conducting  power  towards  the  sun's 
heat,  which  falls  upon  them  almost  incessantly.  Thermo-electric, 
that  is  to  say,  electric  currents,  arise  from  this  source  and  flow 
around  the  earth  in  curves  varying  with  the  arrangement  of  the 
land  and  water,  and  having  two  foci,  one  in  the  north,  in  latitude 
70°  5'  17",  near  Hudson's  Bay,  reached  by  Sir  James  Ross  in 
1831,  called  the  north  magnetic  pole;  the  other  in  the  southern 
hemisphere,  called  the  south  magnetic  pole.  These  terrestrial 
currents  induce  electrical  action  in  all  conductors  on  the  surface, 
and  to  discover  them,  it  is  only  necessary  to  rotate  a  disk  of  cop- 
per in  the  plane  of  the  magnetic  equator,  to  generate  electrical 
currents.  The  magnetic  needle  arranges  itself  north  and  south, 
under  the  inductive  influence  of  the  terrestrial  currents,  placing 
itself  at  right  angles  with  their  course,  and  reversed,  as  regards 
the  earth's  magnetic  pole,  for  the  so  called  north  pole  of  the  mag- 
netic needle  is,  in  truth,  the  attracted  or  south  pole,  as  respects 
the  earth. 

The  terrestrial  currents  are  of  the  highest  interest  in  the  che- 
mical and  geological  history  of  the  earth,  as  well  as  in  the  science 
of  electricity.  It  has  been  shown  by  Mr.  Fox,  of  Cornwall,  that 
in  mineral  veins  there  is  a  constant  electrical  disturbance,  and 
Becquerel,  Cross  and  Bird  have  pointed  out  the  influence  of  such 
currents  in  producing  the  crystalization  and  segregation  of  mi- 
nerals, and  the  stratification  of  rocks.  Hence  the  production  of 
metallic  accumulations  in  the  earth  upon  which  the  existence  of 
the  metallurgic  act  depends,  is  the  result  of  electric  currents  en- 
gendered by  the  heat  of  the  sun. 

We  have  no  space  to  devote  to  a  consideration  of  the  numerous 
cases  of  the  induction  of  currents,  &c,  and  can  only  allude  to 
two  important  instruments,  constructed  on  the  principle  that  a 
galvanic  current  induces  polarity,  viz:  the  Magnetic  Telegraph, 
and  the  Galvanometer. 

The  Magnetic  Telegraph  of  Mr.  Morse  consists  essentially  of 
two  parts,  a  galvanic  battery  with  poles  of  immense  extent,  "that 
is,  stretching  from  one  city  to  another,  and  a  temporary  or  elec- 
tro-magnet produced  by  this  current.  The  battery  in  Baltimore 
being  put  in  action,  the  galvanic  influence  reaches  Philadelphia, 
and  there  circulating  about  a  large  iron  horse-shoe,  converts  it 
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into  an  electro-magnet.  This  now  attracts  a  piece  of  soft  iron 
(the  armature)  placed  above  it,  and  at  the  end  of  which  is  a  lever 
carrying  a  pen  ;  thus  as  the  iron  armature  is  drawn  down,  the  pen 
is  struck,  upwards  into  a  piece  of  paper,  and  makes  a  mark. 
The  paper  is  made  to  roll  by  a  machine,  and  thus  presents  a  new 
surface  every  second,  for  the  action  of  the  pen.     The  figure  (32) 

Fig.  32. 
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represents  the  working  portion  of  this  instrument.  A  message  is 
communicated  in  the  following  manner: — The  operator  at  Balti- 
more, or  elsewhere,  is  provided  with  a  plan  by  which  he  pro- 
ceeds; according  to  this,  the  different  letters  of  the  alphabet  are 
represented  by  dots  or  short  strokes,  and  made  by  breaking,  or 
continuing  for  a  measured  time,  the  connection  of  the  wire  with 
the  battery.  Every  time  the  current  is  broken,  the  electro-mag- 
net in  Philadelphia,  or  other  station,  is  destroyed,  for  its  action 
as  a  magnet  depends  on  the  current,  hence  the  pen  falls  from  the 
paper,  but  if  a  new  current  is  now  set  up,  the  pen  again  makes 
its  mark,  and  it  is  a  dot,  a  long  or  short  stroke,  according  as  it 
is  more  or  less  continued  at  the  will  of  the  operator  at  the  remote 
station. 

Mr.  House  has  a  patent  for  an  exceedingly  ingenious  machine, 
which  prints  the  message  in  large  type.  Awheel,  on  the  circum- 
ference of  which  are  the  raised  letters  of  the  alphabet,  is  made 
to  turn,  so  long  as  the  current  between  the  stations  flows,  but 
stops  the  moment  it  is  broken;  at  the  same  time,  a  piece  of  paper 
is  pressed  against  the  letter  at  which  the  current  is  stopped,  and 
an  impression  made  which  is  inked  by  a  simple  contrivance. 

Galvanometers. — There  are  two  instruments  employed  for 
the  measurement  of  galvanic,  thermo-electric,  and  other  currents. 
The  Galvanometer  is  of  great  service  where  the  influence  is  fee- 
ble, and  of  high  tension  ;  the  Voltameter  is  useful  only  where  the 
effect  is  considerable,  both  as  regards  quantity  and  tension,  and 
is  employed  for  the  determination  of  the  action  of  batteries.  M. 
Matteueci  has  introduced  another  means  of  detecting  extremely 
feeble  currents,  by  employing  the  hind  leg  of  a  frog,  called  by 
10 
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him  the  galvanoscopicfrog;  it  will  be  described  in  the  next  ar- 
ticle on  Animal  Galvanism. 

The  Galvanometer.— This  instrument,  in  its  simplest  form, 
consists  of  a  thick  brass  wire,  bent  into  a  parallelogram,  and  car- 
rying mercury  cups  or  clamps  at  the  two  ends;  this  encloses  a 
magnetic  needle,  and  is  arranged  on  a  stand  furnished  with  a 
compass  card,  or  a  graduated  circle  to  measure  the  movements 
of  the  needle.  The  instrument  of  a  simple  form  is  represented 
in  Fig.  33. 

Fig.  33. 


A  current  of  galvanism  passing  along  the  wire  N,  B,  S,  of  this 
instrument,  produces  an  induced  action  on  the  needle,  which  de- 
viates from  its  magnetic  position  in  direction  and  extent,  accord- 
ing to  the  nature  of  the  current.  Contact  is  made,  with  any  cir- 
cle, by  placing  the  polar  wires  in  the  cups  C,  Z,  which  terminate 
the  wire,  and  which  are  charged  with  mercury. 

To  understand  the  value  of  this  instrument,  and  the  recent  im- 
provements made  in  its  construction,  it  will  be  necessary  to  ex- 
plain the  action  of  different  currents  on  the  needle.  If  we  place 
a  wire,  transmitting  a  current  of  galvanism  above  a  magnetic 
needle,  it  attempts  to  arrange  itself  at  right  angles  with  the  direc- 
tion of  the  current,  and  will  do  this  if  it  be  strong;  but  it  is  cer- 
tain, that,  after  the  power  of  the  current  is  sufficient  to  deflect 
it  to  this  extent,  the  needle  cannot  measure  any  increase  in  its 
force.  One  of  the  modern  improvements  is  to  enable  tire  expe- 
rimenter to  determine  the  true  amount  of  force  by  suspending  the 
needle  with  a  fibre  of  silk,  or  a  thread  of  glass,  and  measuring 
the  deflecting  power  by  forcing  back  the  needle  to  its  old  posi- 
tion ;  it  is  obvious  that,  in  doing  this,  the  silk  or  glass  will  be 
twisted  by  a  force  accurately  representing  the  deflecting  power, 
and  all  that  is  necessary  is,  to  connect  the  fibre  with  an  index, 
traversing  a  graduated  circle,  as  -in  Coulomb's  torsion  electro- 
meter. 

But  the  needle  may  range  to  the  east  or  west,  and  this  depends 
upon  the  direction  of  the  current.  If  the  galvanic  wire  be  above, 
and  parallel  to  the  needle,  the  pole  next  to  the  negative  end  of 
the  battery  will  move  westward ;  if  the  wire  be  now  placed  below, 
it  moves  eastward  ;  if  on  either  side,  the  end  of  the  needle  will  be 
elevated  or  depressed.  If  the  current  be  now  reversed,  the  needle 
moves  to  the  westward,  &c.     The  parallelogram  of  wire,  there- 
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fore,  assists  the  action  of  the  current,  for  the  force  which  acts  on 
the  upper  side  to  deflect  the  needle  to  the  west,  when  the  current 
flows  from  the  positive  towards  the  negative  pole,  also  aceom-. 
plishes  a  similar  effect,  when  flowing  on  the  lower  wire.  Hence 
another  improvement  of  the  galvanometer  is  in  the  reduplication 
of  the  wire,  and,  instead  of  one  turn,  a  great  number  are  made, 
the  metal  being  covered  with  cotton  or  varnish  to  insulate  it. 
The  effect  is  multiplied  on  the  needle,  and  the  instrument  made 
much  more  sensitive. 

A  third  improvement  consists  in  employing  two  magnetic 
needles  of  the  same  power,  and  suspended  in  a  reversed  direction. 
When  the  two  are  accurately  compensated,  they  lose  their  direct- 
ive power  north  and  south,  and  remain  in  any  position  they  may 
be  placed  ;  under  such  circumstances,  they  are  said  to  be  Astalic. 
This  arrangement  is  seen  in  Fig.  34. 
In  this  way,  the  power  of  the  earth's  at- 
traction, which  counteracts,  in  some  de- 
gree, the  deflecting  force  of  the  current, 
is  neutralized,  and  the  movements  are 
larger  and  more  free.  The  astatic  nee- 
dles should  be  suspended  by  a  glass 
thread  in  such  a  manner  as  to  have  one 
situated  above  the  wire  of  the  coil,  and 
the  other  between  its  folds  ;  for  this  purpose  a  small  space  is  left 
in  the  wires  to  allow  the  axis  carrying  the  magnets  to  pass.  The 
axis  is  of  wood,  or  ivory.  A  graduated  circle  is  usually  placed 
under  the  upper  needle. 

The  machine  being  covered  with  a  glass  jar,  becomes  the  im- 
proved galvanometer.  When  used,  the  poles  of  the  battery, 
thermo-electric  pair,  or  other  electro-motive  arrangement,  are 
brought  in  contact  with  the  termi- 
nal  wires  of  the  coil  n.  p  ;  the  cur- 
rent now  passes  throughout  the  coil, 
and  thus  affects  the  needle  by  induc- 
tion. This  delicate  instrument  was 
employed  by  Melloni  and  Forbes  in 
their  researches  on  Heat,  already  al- 
luded to.  By  means  of  it,  with  a 
thermo-electric  pair  of  brass  and  tin- 
ned iron  wire,  1  was  enabled  to  dis- 
cover the  law  regulating  the  tempe- 
rature of  plants.*  By  introducing 
the  point  of  the  pair  in  the  various 
organs  of  plants,  and  measuring  their 

*  London,  Edinburgh  anil  Dublin  Philosophical  Journal.     July,  1842 
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temperature  by  the  deflecting  power  of  the  current,  on  a  delicate 
galvanometer,  I  found  that  the  flowers  developed  the  greatest 
amount  of  heat,  and  that  the  temperature  of  the  vegetable  depended 
upon  the  ratio  of  the  chemical  action  going  on  in  a  part,  and  the 
drying  power  of  the  air ;  so  that  the  function  of  transpiration  in 
them  is  equivalent  to  perspiration  in  animals,  and  depends  in  its 
variable  amount  on  the  hygrometric  states  of  the  atmosphere. 

The  Voltameter.- — This  is  an  instrument  invented  by  Profes- 
sor Faraday  for  the  purpose  of  determining  the  action  of  a  battery, 
by  its  power  to  decompose  water  slightly  acidulated  with  sul- 
phuric acid.  The  gases  are  both  collected  and  measured  in  a 
glass  tube,  graduated  in  cubic  inches  and  decimal  parts.  The 
form  employed  is  various,  but  the  following  is  simple  and  con- 
venient. Take  a  stout  glass  bottle  of  eight  ounces  capacity,  and 
a  wide  mouth  (Fig.  36);  adjust  a  wooden 
stopper  to  it,  perforated  so  as  to  allow  the 
bent  tube  a  to  pass  through  it.  The  tube 
is  sustained  in  its  place  by  cement  or  other- 
wise, and  reaches  to  the  upper  part  of  the 
bottle.  In  the  vessel  are  introduced  the 
two  platinum  electrodes  to  decompose  the 
fluid;  these  connect  by  varnished  wires  with 
the  wooden  cap,  terminating  on  the  upper 
surface  in  separate  mercury  cups. 

The  voltameter  is  charged  with  water 
slightly  acidulated  with  sulphuric  acid.  In 
using  this  instrument,  we  bring  the  positive 
and  negative  poles  of  the  battery  to  the  mer- 
cury cups,  whereby  the  circuit  is  completed; 
the  gases  of  the  water,  being  liberated,  pass  off  along  the  tube  a, 
and  are  measured  in  a  graduated  tube.  The  power  of  any  two  bat- 
teries will  be  as  the  number  of  cubic  inches  of  gas  produced  in 
equal  times. 
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The  extraordinary  fact,  that  there  exist  several  fishes  which 
are  capable  of  producing  a  shock  similar  to  that  of  the  Leyden 
jar,  has  been  known  for  some  time.  There  are  five  such  animals; 
the  electrical  Kay  or  Torpedo  (of  which  there  are  three  varieties, 
the  Torpedo  galvani,  T.  narce  and  T.  nobiliana),  inhabiting  the 
Mediterranean  Sea;  the  Gymnotus  electrictis,  or  electrical  eel, 
found  in  large  ponds  in  South  America,  and  from  four  to  five  feet 
in  length ;  and  the  Silurus  electricus,  Tetrodon  electricus  and 
Trichiurus  electricus,  which  are  little  known. 

If  the  body  of  either  the  torpedo  or  gymnotus  be  touched," 
a  slight  shock  is  experienced;  but  if,  in  the  case  of  the  torpedo, 
we  place  one  hand  on  the  upper  side  of  the  thoracic  portion  of 
the  body,  and  the  other  opposite  and  under  the  creature,  a  power- 
ful shock  is  experienced.  In  the  gymnotus,  we  touch  the  head 
and  tail  to  experience  the  most  powerful  action  of  the  animal. 
Confining  ourselves  to  the  torpedo,  it  will  be  found  that  there  are 
certain  portions  of  the  thoracic  regions  more  active  than  others,  and 
upon  dissecting  the  part,  we  discover  a  cellular  structure,  called 
the  electrical  organ,  where  the  shocks  are  evidently  produced. 
IF  we  dissect  out  this  part,  leaving  only  its  nerves  uninjured,  it 
continues  to  evolve  electricity;  and,  indeed,  does  so  when  alto- 
gether removed  from  the  system.  The  structure  of  this  organ  is 
peculiar  and  suggestive  of  a  combination  of  galvanic  piles;  it  is 
represented  in  Fig.  37. 

Upon  a  minute  inspection  of  the 
organ,  it  is  found  to  consist  of  a 
large  number  of  polygonal  cells, 
regularly  superimposed  in  pris- 
matic columns.  Each  cell  appears 
to  consist  of  a  cartilaginous  wall, 
over    which    ramify    branches    of 

nerves,  and  the  centre  is  occupied  by  a  dense  albuminous,  and 
slightly  saline  fluid,  like  the  white  of  an  egg.  The  nerves  sup- 
plying the  organ  are  very  large,  and  correspond  to  the  eighth  pair 
and  a  large  branch  of  the  trifacial.  If  one  of  these  nerves  be  irri- 
tated, the  portion  of  the  organ  to  which  it  is  distributed  produces 
a  current.     The  nerves  of  supply  terminate  in  a  large  lobe  of 
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Fig.  37. 
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the  brain  lying  in  contact  with  the  medulla  oblongata,  and  form- 
ing a  large  portion  of  the  encephalon.  An  irritant  applied  to  this 
electrical  lobe,  or  to  any  portion  of  the  medulla  or  spinal  cord, 
causes  rapid  discharges;  but  this  does  not  occur  if  the  cerebellum, 
optic  lobes,  or  cerebrum,  be  touched  or  even  penetrated  by  a  knife. 
In  the  gymnotus,  the  nerves  supplying  the  electrical  organs  are 
derived  from  the  dorsal  portion  of  the  spinal  cord ;  and  in  the 
Silurus,  from  both  the  medulla  oblongata  and  spine. 

By  means  of  the  galvanometer  we  discover  that  the  current 
producing  the  shock  is  from  the  back  to  the  abdominal  side  of 
the  fish,  or,  to  speak  as  an  electrician,  the  dorsal  aspect  of  the 
organ  represents  the  positive  side,  and  the  abdominal  the  nega- 
tive side,  the  current  passing  from  the  positive  to  the  negative 
surface. 

The  shocks  of  the  animal  are  under  the  influence  of  its  in- 
stincts, and  can  be  repeated  only  a  few  times  before  the  creature 
becomes  disabled.  Indeed,  in  South  America,  the  gymnotus  is 
caught  by  irritating  and  causing  it  to  give  a  number  of  shocks, 
after  which  it  becomes  enervated  and  powerless  for  some  time, 
and  may  be  taken  with  the  hand. 

Observe  that  the  electrical  power  is  associated  with  the  deve- 
lopment of  large  nerves,  influenced  by  the  will,  and  capable  of  so 
far  subduing  the  nervous  power  of  the  animal  that  it  loses  en- 
ergy, is  incapable  of  muscular  contraction,  and  entirely  enervated. 
Secondly,  if  we  separate  the  organ  with  its  nerves  from  the  body, 
pinching  or  irritating  the  nerves  will  at  first  produce  electrical  cur- 
rents appreciable  by  the  galvanometer;  but  this  soon  ceases,  and 
now  the  passage  of  a  galvanic  current  along  the  nerves  arouses 
the  action  of  the  organ  again.  At  the  moment  of  establishing  or 
breaking  the  galvanic  current,  the  organ  responds,  but  in  the  in- 
terval no  disturbance  occurs.  Finally,  the  cells,  separated  from  all 
nervous  connection,  evolve  electricity,  when  pressed  or  warmed. 

Matteueci  has  detected  a  current  from  the  toes  to  the  head  in 
the  frog;  Aldini,  Donne,  and  others,  musculocutaneous  currents 
in  many  animals,  and  man. 

Faraday  has  shown  that  a  Leyden  jar,  and  indeed  a  battery, 
can  be  intensely  charged  by  the  gymnotus  ;  the  spark  has  been 
seen,  needles  magnetized,  solutions  decomposed,  and  all  the  phe- 
nomena of  galvanism  and  electricity  produced.  Such  observa- 
tions have  multiplied,  until  no  doubt  exists  on  the  subject,  that 
the  nervous  energy  of  the  torpedo  is  convertible  into  electricity, 
if  it  be  not  that  agent. 

Let  us  now  pass  to  the  influence  of  electricity  and  galvanism 
on  the  bodies  of  the  higher  animals.  By  the  action  of  this  agent, 
partial  or  complete  paralysis  and  death  may  be  brought  about. 
Involuntary  movement,  painful  sensations,  the  manifestation  of 
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light,  sound,  taste  and  odor  also  occur,  when  currents  are  passed 
through  certain  nerves.  If  a  current  be  directed  to  the  brain  by 
a  dissevered  nerve  in  a  rabbit,  pain  is  produced  and  muscular 
contractions  result.  Here  an  influence  propagated  along  a  sen- 
sory nerve  to  the  encephalon  reacts,  or  is  reflected  to  a  motor 
nerve,  operating  in  the  reflex  manner  which  Dr.  Marshall  Hall 
has  shown  to  be  the  case  in  the  human  body  with  the  nervous 
fluid.  If  a  rabbit  be  killed  by  a  blow  on  the  head,  and  then  sub- 
jected to  the  galvanic  current,  it  is  thrown  into  violent  motion 
every  time  contact  is  made  or  broken,  if  one  of  the  poles  be  over 
the  spinal  marrow,  and  the  other  applied  to  a  muscular  surface. 
If  the  current  pass  from  the  cervical  portion  of  the  spinal  marrow 
to  the  fore  legs,  they  will  be  convulsed ;  if  from  the  lumbar  por- 
tion to  the  hind  legs,  these  are  thrown  into  action.  In  short,  the 
best  results  are  obtained  when  the  current  runs  between  the  nerv- 
ous accumulations  in  the  spine  and  the  muscles  to  which  they 
pass. 

Convulsions  occur  only  when  the  current  is  broken,  not 
whilst  the  circle  is  closed.  If  we  direct  the  current  through  por- 
tions of  the  cerebrum  or  cerebellum,  no  action  occurs,  but  when 
it  passes  through  the  tubercula  quadrigemina,  the  crura,  or  the 
medulla  oblongata,  violent  convulsions  occur  throughout  the  en- 
tire animal,  with  signs  of  suffering.  It  will  be  observed,  that  this 
is  similar  to  the  action  on  the  torpedo,  the  electrical  lobe  being 
situated  on  the  medulla  oblongata. 

The  difference  of  effect  between  a  direct  and  reversed  current, 
is  worthy  of  particular  consideration;  for  the  demonstration  of 
this  we  are  indebted  to  the  labors  of  Professor  Matteucci  of  Pisa. 
The  current  is  said  to  be  direct  when  the  positive  pole  of  the 
battery  is  placed  over  the  spine  or  nervous  centre,  and  the  nega- 
tive over  the  ramifications  of  the  nerve.  The  reverse  position 
gives  us  the  inverse  current.  Action  is  greatest  when  the  influ- 
ence is  directed  along  a  specific  nerve,  and  least  when  it  passes 
across  the  nerves  and  muscles.  The  evidence  of  pain  is  much 
greater  at  the  commencement  of  the  inverse  current;  the  muscu- 
lar contractions  most  severe  at  the  beginning  of  the  direct  current ; 
but  neither  effect  takes  place  during  the  closed  state  of  the  circle. 

If  we  operate  on  a  living  animal,  these  effects  lessen  with 
repetition,  and  become  very  feeble,  but  recur  after  an  interval  of 
rest,  so  that  there  is  an  analogy  between  the  reduction  of  nervous 
power  under  the  stimulus  of  galvanism,  and  the  cessation  of  ac- 
tion in  the  gymnotus  and  torpedo.  It  also  appears  that  the  gal- 
vanic influence  proceeding  from  the  periphery  to  the  spine,  is 
attended  with  a  reflex  nervous  current  from  the  centre  to  the  pe- 
riphery in  other  nerves  ;  or  that  an  electrical  current  of  one  nerve 
can  set  in  motion  the  nervous  fluid  of  another  nerve,  in  the  same 
way  that  a  galvanic  current  passing  along  the  polar  wires,  influ- 
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ences  the  electricity  of  a  secondary  wire,  producing  a  reversed 
current  therein. 

There  is  another  intimate  relation  between  the  course  of  the 
nervous  fluid,  and  the  direction  of  the  galvanic  current.  If  we 
pass  a  current  of  galvanism  through  two  legs  of  a  frog  connected 
by  a  small  portion  of  the  lumbar  spine,  in  such  a  manner  that 
one  pole  is  in  contact  with  the  toes  of  one  leg,  and  the  other  with 
the  same  portion  of  the  other  leg,  the  current  will  be  direct  in 
one  limb,  and  reversed  in  the  other.  It  will  flow  from  the  pe- 
riphery in  one  case,  and  from  the  spine  externally  in  the  other. 
Now,  after  some  minutes,  we  will  find  that  the  leg  conveying  the 
direct  current  does  not  contract  when  the  circle  is  broken,  but 
the  other  does  so  for  many  minutes  longer.  From  this  extraor- 
dinary fact,  which  is  true  for  living  and  dead  animals,  Matteucci 
draws  the  important  conclusion,  that  the  excitability  of  a  nerve 
is  much  more  weakened  by  the  passage  of  the  direct  (from  the 
spinal  marrow  to  the  periphery  of  the  nerve),  than  by  the  inverse 
current. 

Again,  he  has  proved  by  experiments,  that  the  inverse  cur- 
rent, so  far  from  diminishing  the  excitability  of  the  nerve,  exalts 
it.  Thus,  if  we  take  the  leg  and  thigh  of  two  frogs,  equal  in  all 
respects,  and  pass  through  one  the  direct  current,  contractions 
of  a  vigorous  kind  occur  at  first,  every  time  the  circuit  is  broken 
or  formed,  but  these  diminish,  and  are  entirely  suspended  in 
twenty  or  thirty  minutes ;  the  nervous  excitability  is  now  de- 
stroyed. But  the  other  leg,  in  which  an  inverse  current  flows, 
is  not  so  affected ;  the  convulsions  estimated  in  the  first  second, 
are  not  at  all  stronger  than  those  occurring  three  or  four  hours 
after  the  current  has  been  flowing — hours  after  all  trace  of  ex- 
citability by  the  action  of  this  agent  has  ceased  in  the  limb  tra- 
versed by  the  direct  current.  There  is  a  peculiarity  in  the  con- 
traction which  takes  place  under  the  influence  of  the  inverse 
current,  after  allowing  the  circuit  to  remain  closed  for  some  time; 
upon  breaking  it,  the  limb  is  drawn  vp  for  some  seconds,  and 
not  spasmodically  affected,  a  condition  resembling  tetanus,  or 
permanent  contraction  being  produced. 

We  hail  in  these  facts,  deduced  from  numerous  and  accurate 
experiments,  the  first  principles  calculated  to  guide  us  in  the  ap- 
plication of  the  electrical  agent  to  the  treatment  of  disease.  Let 
the  student  remember  : 

'«  1st.  That  the  contraction  excited  by  the  electric  current,  trans- 
mitted along  a  nerve  in  the  direction  of  its  ramifications,  and 
which  we  call  direct,  is  always  more  energetic  than  that  which 
the  same  current  produces  when  passing  along  the  nerves  in  the 
opposite  direction. 

"2d.  The  direct  current  weakens,  and  rapidly  destroys  the 
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excitability  of  a  nerve;  whilst  the  passage  of  the  inverse  current 
augments  it  within  certain  limits." 

In  respect  to  the  second  fact,  it  is  proper  to  remark  that  the 
contraction  is  stronger  after  the  inverse  current  has  flowed  for 
some  time,  than  at  first,  whether  we  excite  muscular  action  by 
electricity,  or  the  application  of  any  other  stimulus,  in  the  dead  or 
in  the  living  subject.  Again,  if  we  allow  the  nerve  some  repose 
after  the  passage  of  the  direct  current,  it  recovers  part  of  its  ex- 
citability, and,  under  the  same  circumstances,  the  excess  of  excite- 
ment produced  by  the  inverse  current  soon  disappears.  The 
power  of  the  muscular  contraction  is  also  proportional  to  the 
quantity  of  electricity  which  excites  it,  and  the  feeblest  currents 
are  capable  of  producing  it  if  properly  employed.  If  we  exhaust 
the  nervous  power  of  a  limb  by  the  direct  current,  and  then  allow 
the  inverse  current  to  flow,  it  will  recover  its  power  of  contract- 
ing, the  galvanism  serving  by  its  action  to  bring  about  a  result 
similar  to  that  of  the  nervous  power  itself. 

The  result  produced  by  the  current  depends  upon  the  function 
of  the  nerve  along  which  it  traverses.  Passing  along  the  nerves 
of  sensation  in  the  direct  manner,  pain  occurs  ;  in  the  inverse 
direction,  motion.  Passing  along  the  optic  nerve,  flashes  of  light 
are  perceived  ;  sounds  heard,  when  directed  through  the  ear;  taste 
experienced,  when  flowing  through  the  nerves  of  the  tongue. 
Experiments  made  by  Humboldt,  show  that  currents  transmitted 
through  the  ganglionic  nerves  to  the  heart  and  intestines,  produce 
muscular  movements  in  these  parts,  which  are  remarkably  dif- 
ferent from  those  of  the  ordinary  muscles.  The  movements  are 
slow  to  appear,  but  continue  during  the  closed  state  of  the  circle, 
as  well  as  some  time  after.  In  the  muscles  of  animal  life,  they 
appear  only  at  the  interruption,  and  cease  on  removing  the  stimu- 
lus ;  but  the  heart  has  been  seen  to  pulsate  for  some  time  after 
the  galvanic  action  had  ceased. 

The  influence  of  a  continuous  or  interrupted  current  of  elec- 
tricity is  also  of  the  first  physiological  interest.  In  the  cases 
given,  the  continuous  current  was  found  to  destroy  nervous  power 
after  many  minutes  when  direct,  and  to  exalt  it  even  after  hours 
when  reverse.  But  when  interrupted  by  breaking  and  forming 
the  communication  with  rapidity,  the  nervous  power  is  much 
more  rapidly  exhausted,  than  by  the  continued  application  of  the 
direct  current.  Masson,  who  first  experimented  on  this  subject, 
succeeded  in  killing  a  cat  in  five  minutes  by  an  interrupted  cur- 
rent with  a  small  pile,  which  would  have  scarcely  affected  the 
animal  when  continuous.  In  such  cases,  the  interruptions  are  not 
extremely  rapid,  for  Pouillet  has  remarked  that,  when  the  interval 
between  the  currents  is  so  small  as  the  a£otn  °f  a  second,  the 
effect  is  similar  to  that  of  a  continuous  current.    Matteucci  killed 


118  GALVANISM  AS  A  REMEDIAL  AGENT. 

a  rabbit  in  a  few  seconds  by  tbe  use  of  an  interrupted  current 
passing  from  the  nape  of  the  neck  to  the  month.  Weber  has 
also  remarked  that  the  pulsations  of  the  heart  cease  when  the 
interrupted  current  is  made  to  act  on  its  nerves. 

The  electrotome,  (page  105,)  as  usually  employed,  and  the  mag- 
neto-electrical  machine,  give  interrupted  currents,  and  are  there- 
fore to  be  employed  with  some  care.  The  electrotome,  with  Dr. 
Golding  Bird's  rheometer,  gives  an  interrupted  current,  but  in  one 
direction  only.  In  this  case,  the  first  induced  current  is  felt,  but 
not  the  return  current ;  hence,  by  its  use,  the  physician  can  em- 
ploy an  interrupted  current  in  one  direction  if  he  desires,  and 
results  widely  different  from  those  obtained  by  using  an  inter- 
rupted current  in  both  directions,  seem  to  be  obtained. 

Therapeutic  Uses  of  Galvanism. — The  galvanic  current  from 
a  Cruickshank's  battery  of  fifty  pairs  of  zinc  and  copper,  two 
and-a-half  inches  square,  charged  with  salt  and  water,  was  formerly 
employed.  In  the  present  day,  the  electrotome  and  magneto- 
electrical  machine  are  almost  exclusively  employed.  These 
latter  are,  however,  mostly  used  as  contrivances  for  the  production 
of  interrupted  currents,  but  the  former  may  be  used  for  a  con- 
tinuous current  by  screwing  down  the  armature  of  the  magnet. 
Cruickshank's  battery  may  be  employed  for  the  continuous  or 
interrupted  current;  this  form  is,  however,  objectionable,  from 
the  short  period  during  which  it  is  active.  For  obtaining  the  con- 
tinuous cujrrent,  Daniell's  battery  is  very  superior,  and  much  more 
manageable  than  it. 

Current  electricity  has  been  recommended  in  functional  amau- 
rosis and  paralysis,  in  chronic  rheumatism,  indigestion,  asthma, 
sciatica,  neuralgia,  nervous  deafness,  and  generally  for  loss  of 
power  in  the  various  parts  of  the  nervous  system.  It  has  also 
been  highly  spoken  of  in  asphyxia,  produced  by  drowning, 
suffocation,  loss  of  power  in  the  respiratory  muscles,  or  the 
heart,  or  in  any  other  manner.  In  loss  of  function  of  the  lungs, 
brain  or  other  organ  from  congestion,  it  has  also  been  recom- 
mended especially  by  Dr.  Wilson  Philip.  Reducing  the  con- 
sideration of  the  subject  to  our  limits,  and  discarding  the  nume- 
rous cases  which  are  disputed,  we  may  condense  the  subject  into 
a  few  paragraphs. 

In  functional  paralysis,  arising  from  want  of  nervous  power, 
the  inverse  current  from  the  feet  or  hands,  as  the  case  may  be, 
to  tiie  roots  of  the  nerves  of  supply  in  the  spine,  should  be  used. 
The  contact  should  be  made  by  broad  metallic  bands  applied  to 
the  skin,  previously  moistened  with  salt  and  water,  to  assist  the 
conducting  power,  or  the  connection  may  be  made  more  complete 
by  introducing  acupuncture  needles  into  the  part,  and  bringing  the 
broad  polar  ends   of  the  electrodes  in  contact  with  them.     The 
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induced  current  of  the  electrotome  or  magneto-electrical  machine, 
with  Dr.  Bird's  rheometer,  seems  to  be  serviceable,  or  the  current 
may  be  rendered  nearly  continuous  by  managing  the  armature 
with  the  finger,  or  screwing  it  down  on  the  electro-magnet;  or  a 
Dan  Jell's  battery  may  be  employed.  Experience  has  shown  that, 
in  the  commencement,  the  current  must  be  very  feeble,  and  that  it 
is  best  to  interrupt  it  some  thirty  times,  during  a  few  minutes,  and 
discontinue  the  application,  recurring  to  it  once  or  twice  daily,  at 
the  same  hours,  for  several  weeks.  During  the  administration, 
the  patient  should  be  sustained  in  good  general  health,  the  food 
should  be  nutritious,  and  liberal  in  amount,  and  the  affected  limbs 
used,  if  possible,  or  excited  by  friction,  warmth  and  shampoo- 
ing. The  number  of  recoveries  on  record,  in  these  cases,  are  suf- 
ficiently great  to  permit  us  to  expect  a  favorable  issue. 

An  experiment  of  Matteucci  shows  that  the  function  of  the 
muscles  of  a  part  may  be  recovered,  by  the  use  of  galvanism, 
a  long  time  after  the  nerves  of  supply  have  been  cut,  whereas 
it  is  soon  lost  if  no  such  means  be  employed.  Divide  the  two 
sciatic  nerves  of  a  living  frog,  allow  one  limb  to  remain  quiet  for 
ten,  fifteen,  or  twenty  days,  and  submit  the  other,  two  or  three 
times  a  day,  to  the  action  of  a  current — it  will  be  found  that  the 
latter  contracts,  whilst  the  other  leg  ceases  altogether  to  be  in- 
fluenced by  the  galvanic  current. 

Loss  of  Nervous  Power. — In  the  numerous  cases  falling  under 
this  general  head,  the  nearly  continuous  and  inverse  current  may 
be  expected  to  accomplish  something  when  assisted  with  proper 
hygienic  treatment.  As  in  the  case  of  paralysis,  it  will  be  ad- 
visable to  interrupt  the  current  occasionally,  and  adopt  the  other 
adjuvants  indicated. 

Increase  of  Nervous  Power. — Tetanus,  hydrophobia,  epilep- 
sy, catalepsy,  convulsions,  and  neuralgias,  fall  under  this  head. 
In  tetanus,  we  have  a  continued  exaltation  of  nervous  power;  this 
is  to  be  treated  by  the  partially  continuous  direct  current,  the 
operation  of  which  is  to  diminish  the  nervous  power.  The  elec- 
trodes are  to  be  placed  between  the  muscles  affected,  and  the 
roots  of  their  nerves.  By  this  means,  a  patient  laboring  under 
traumatic  tetanus,  was  enabled  to  open  his  mouth,  and  use  the 
affected  muscles.  A  cure  was  not  effected,  nor  is  it  to  be  expected 
in  that  variety  of  the  disease  arising  from  wounds;  but  it  would 
be  culpable  to  discard  a  remedial  means  in  such  cases,  even  though 
it  may  not  cure,  if  it  has  been  found  to  alleviate  suffering.  In 
hydrophobia,  the  current  cannot  be  readily  employed,  but  if  the 
opportunity  offers,  it  should  be  continuous  and  direct.  In  epi- 
lepsy, catalepsy,  convulsions,  and  neuralgia,  it  should  also  be 
almost  continuous  and  direct. 

Experiments  on  frogs,  thrown  into  convulsions  and  tetanized 
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by  narcotics,  have  shown  that  a  continued  direct  current  will 
overcome  these  states. 

In  Asphyxia,  including  congestions  of  the  brain  and  lungs,  the 
electrical  current  may  be  used  for  the  purpose  of  arousing  the 
muscles  of  respiration  and  the  heart.  For  this  purpose  it  should 
be  an  inverse  current,  often  interrupted.  One  pole  should  be 
situated  high  up  in  the  neck,  to  be  as  near  as  possible  to  the  me- 
dulla oblongata ;  it  should  also  be  brought  in  contact  with  the 
nerves  by  an  incision  into  the  parts,  and  the  other  pole  must  be 
brought  by  an  incision  in  contact  with  the  diaphragm,  or  by  acu- 
puncture needles  with  the  respiratory  muscles.  In  the  interrup- 
tions, which  should  be  frequent,  it  would  be  well  to  bring  the 
pole  in  contact  with  all  these  parts  in  succession.  M.  Bourgeois 
has  suggested  driving  needles  into  the  heart  also.  In  these  cases 
the  electrotome  is  to  be  preferred. 

In  Aneurism. — Dr.  Apjohn  suggested,  and  M.  Petrequin  of 
Lyons  has  practised,  the  introduction  of  needles  into  the  aneu- 
rismal  sac,  put  in  connection  with  the  poles  of  a  battery,  for  the 
purpose  of  coagulating  the  blood  in  the  part,  and  causing  the  re- 
moval of  the  tumor  without  ligature. 

M.  Petrequin,  with  several  Italian  surgeons,  have  had  consi- 
derable success  in  this  operation.  Popliteal  and  brachial  aneu- 
risms of  considerable  size,  as  well  as  varices,  have  been  completely 
obliterated  by  the  action  of  a  current  from  a  pile  of  twenty  copper 
and  zinc  pairs,  two  inches  square,  separated  by  pieces  of  cloth 
moistened  with  solution  of  common  salt,  and  used  for  fifteen  mi- 
nutes. M.  Petrequin  lays  down  certain  rules  essential  to  success: 
the  force  of  the  circulation  should  be  diminished  by  compress- 
ing the  vessels  of  supply,  and  by  diet  and  other  means  before  the 
operation — the  needles  are  to  be  varnished  over  the  parts  which 
are  in  contact  with  the  integuments  and  coats  of  the  aneurism, 
otherwise  considerable  inflammation  arises — four  or  more  nee- 
dles are  to  be  employed  in  large  aneurisms,  and  the  shocks  should 
be  sent  through  in  every  direction;  the  needles  are  to  be  plunged 
obliquely,  so  that  the  points  approach  one  another,  but  do  not 
touch.  There  is  no  doubt  that,  with  proper  management,  this 
method  will  be  found  to  supersede  the  operation  of  tying  the 
artery  in  two-thirds  of  the  cases  of  aneurism.  In  the  cases  given, 
it  uniformly  succeeded,  and  the  cure  was  perfect  in  about  eight 
days. 

Other  Applications.—Prevost  and  Dumas  have  proposed  gal- 
vanism for  the  destruction  of  the  fusible  calculus  in  the  bladder. 
They  introduced  such  a  stone  into  the  bladder  of  a  dog,  and 
brought  the  poles  of  a  Cruickshank  battery  of  one  hundred  anil 
twenty  pairs  to  bear  upon  it,  in  the  presence  of  a  large  quantity 
of  water— it  was  entirely  disintegrated,  being  reduced  to  powder, 
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which  was  voided.  The  poles  were  introduced  in  a  canula  by 
the  urethra.  In  asthma  and  dyspepsia,  Dr.  "W.  Philip  used  a 
continuous  current;  in  these  cases,  the  positive  pole  was  placed 
over  the  nape  of  the  neck,  and  the  negative  to  the  pit  of  the  sto- 
mach. 

In  chronic  cases,  the  plan  recommended  by  Dr.  Mansford  may- 
be found  useful.  Two  plates,  one  of  zinc  and  the  other  of  silver, 
of  a  size  and  shape  depending  on  the  part  and  gravity  of  the  dis- 
ease, are  provided,  and  union  established  between  them  by  a  stout 
silver  wire.  The  plates  are  adjusted  over  the  roots  of  the  nerves, 
and  the  parts  affected.  To  secure  their  action,  both  parts  are  made 
bare  by  a  blister,  and  pieces  of  moistened  wash  leather  placed 
between  the  plates  and  body ;  the  plates  are  also  kept  in  place  by 
strips  of  adhesive  plaster.  The  zinc  plate  should  be  examined 
several  times  a  day  to  remove  the  oxide  by  scraping.  We  should 
also  imagine  that  frequent  interruptions  would  be  serviceable. 
This  plan  is  empirical,  but  has  been  found  useful  in  the  hands  of 
Dr.  Mansford  in  epilepsy,  and  valuable  by  Dr.  Thomas  Harris, 
of  Philadelphia,  in  several  cases  of  neuralgia.  The  position  of  the 
zinc  or  positive  pole  must  depend  on  the  direction  we  wish  to  give 
the  current.  Dr.  Golding  Bird  proposes  a  similar  plan  for  the 
cauterization  of  the  parts,  from  which  it  is  to  be  inferred  that  the 
action  is  severe.  He  employs  discs  of  metal  of  the  size  of  a 
cent  piece,  and  causes  the  zinc  to  be  frequently  cleaned. 

THE  PROPER  GALVANISM  OF  ANIMALS. 

In  considering  the  electro-motive  source  in  galvanism,  we  as- 
sumed the  position  that  in  every  case  of  chemical  action,  electri- 
city is  produced,  and  its  presence  may  be  made  evident,  whenever 
conductors  are  present  to  convey  the  influence.  By  direct  expe- 
riment, Lagave,  Buntzen,  Prevost  and  Dumas,  Kaemtz  and  others, 
have  demonstrated  that  the  reaction  of  blood,  saline  fluids,  and 
various  organic  matters,  on  flesh,  nervous  matter,  brain  and  the 
animal  solids,  produces  a  galvanic  current.  Lagave  formed  a  bat- 
tery of  alternate  slices  of  brain  and  muscle,  and  conceived  that 
animal  electricity  arose  from  the  contact  of  these  tissues  in  all  parts 
of  the  body,  a  view  somewhat  similar  to  that  of  Galvani  and 
Aldini.  The  chemical  changes  which  incessantly  take  place  in 
the  muscles  and  tissues  of  animals,  produce  galvanic  disturbance, 
which  has  been  detected  over  the  whole  body  by  Pfaff,  Ahrens 
and  Humboldt,  by  the  divergence  of  the  gold  leaves  of  the  elec- 
trometer, when  the  subject  of  experiment  was  insulated ;  this  is 
called  the  proper  electricity  of  the  animal, 

Valli,  Donne  and  Matteucci  have  found  that  when  the  inte- 
rior of  a  muscle  and  the  skin,  or  its  cellular  envelope,  were  ex- 
11 
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amined  by  a  delicate  galvanoscope,  a  current  of  galvanism  was 
always  found  flowing  from  within  outwardly.  Moreover,  the 
intensity  and  amount  of  this  current  depend  on  the  vigor  of  the 
animal,  and  the  supply  of  blood  to  the  part;  when  blood  was 
partially  absent,  the  current  became  very  feeble.  Here,  then,  we 
have  a  demonstration  of  a  galvanic  current  existing  at  all  times  in 
the  muscular  tissues,  and  arising  from  the  changes  taking  place  in 
the  blood  and  tissue  during  the  functions  of  nutrition  and  change, 
and  subject  to  increase  or  diminution  according  to  the  supply  of 
blood.  This  is  called  the  muscular  current  of  animals.  The 
nervous  system  has  nothing  to  do  with  it,  for  so  long  as  action 
takes  place  between  the  blood  and  muscle,  the  current  flows,  whe- 
ther the  nerves  be  divided  or  entire. 

It  is  so  far  apparent,  that  a  muscular  battery  may  be  made  by 
connecting  a  number  of  frogs'  thighs,  in  such  a  manner  that  the 
exterior  portions  of  the  muscles  of  one  shall  be  in  contact  with  the 
interior  parts  of  the  next.  This  may  be  moistened  with  a  saline 
mixture  or  water,  and  will  produce  a  considerable  deviation  in  the 
galvanometer,  when  the  ends  are  brought  in  contact.  It  is  de- 
picted in  Fig.  38.  A  is  the  positive,  and  11  the  negative  end,  and 
the  arrow  indicates  the  direction  of  the  current. 

Fig.  38." 


For  the  detection  of  the  galvanic  currents  in  animals,  Galvani, 
Aldini  and  Matteucci  have  introduced  the  galvanoscopic  frog. 
This  consists  of  a  hind  limb  of  a  frog,  deprived  of  its  skin,  with 
the  muscles  and  bone  of  the  thigh  removed,  but  the  crural  nerve 
left  entire,  and  exposed  above  the  knee-joint.  The  prepared  leg 
may  be  kept  in  a  glass  tube,  with  the  nerve  exposed,  as  in  Fig. 
39.  It  will  be  found  that  when  the  nerve  is  placed  on  any  sub- 
stance in  which  galvanic  action  is  occurring,  the  remaining  muscles 
of  the  fore-leg  and  toes  will  be  thrown  into  contractions,  and  thus 
indicate  a  degree  of  electrical  disturbance  too  feeble  to  affect  the 
common  electroscopes. 


39. 
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By  means  of  the  galvanoscopic  frog-,  it  lias  been  proved  that 
electrical  currents  are  produced  in  all  the  muscular  structures  of 
the  body;  but  such  currents  have  not  been  discovered  in  the 
nerves  or  glands.  Moreover,  whatever  substances  or  actions  re- 
duce the  vigor  of  the  muscular  system,  or  remove  the  quantity  of 
blood  circulating  therein,  diminish  the  force  of  the  current;  and, 
on  the  contrary,  whatever  increases  its  activity,  seems  to  develope 
a  greater  electrical  action.  The  galvanoscopic  frog  is  affected, 
whether  the  muscle  be  a  part  of  a  living  animal,  or  of  one  re- 
cently killed,  and  especially  when  the  muscle  is  in  the  act  of  con- 
traction. 

Again,  if  a  current  of  galvanism  be  passed  along  a  nerve, 
so  as  to  produce  muscular  contractions  in  a  living  or  dead  ani- 
mal, the  galvanoscopic  frog  responds  to  the  disturbance.  Nay, 
more,  the  current  induced  in  one  frog  may  be  made  to  act  on  a 
second,  third  and  fourth  limb,  so  that  a  series  of  induced  currents 
of  the  second,  third  and  fourth  order,  are  produced  precisely  in 
the  same  way  as  in  a  compoupd  helix  of  wires.  The  induced 
currents  in  these  cases  do  not  arise  from  any  direct  action  of  the 
electrical  agent  employed  in  producing  the  primary  effect,  for  we 
may  surround  the  nerve  of  the  galvanoscopic  frog  with  varnish 
or  other  insulating  materials,  and  yet  they  occur.  Induction 
occurs,  whatever  be  the  cause  of  muscular  contraction,  whether 
the  will,  mechanical  or  chemical  stimulants,  or  electricity.  But 
there  does  not  appear  to  be  an  induced  current  when  the  nerve 
of  the  frog  lies  upon  the  brain  or  another  nerve,  whatever  be  the 
measures  taken  to  irritate  these  parts. 

If  we  enter  into  the  consideration  of  the  phenomena  of  induced 
contractions,  we  are  led  to  suspect  the  existence  of  a  galvanic 
current  in  the  muscles  of  animals.  We  find  nearly  all  the  known 
facts  conform  to  this  hypothesis.  The  amount  of  the  current  is 
so  small,  and  the  conductors  in  which  it  takes  place,  so  indifferent, 
that  we  may  fail,  in  determining  some  points,  more  from  want  of 
delicate  tests  than  from  any  distinction  between  the  agents.  If 
we  trust  to  analogy,  the  hypothesis  gathers  greater  strength,  for, 
anatomically  considered,  the  structure  of  muscles,  and  the  elec- 
trical organs  of  the  torpedo  and  gymnotus,  are  of  the  same 
type,  and"  differ  mostly  in  the  size  of  the  cells  and  the  distribu- 
tion of  nerves.  The  muscles  of  organic  life  are  remarkably 
similar,  since  these  receive  the  same  nerves  as  the  electrical 
organs,  as  well  as  possess  a  similar  structure. 

As  galvanism,  or  any  stimulant  addressed  to  the  nerves,  produces 
muscular  contractions  with  the  evolution  of  a  force,  so  the  same 
means  arouse  the  organs  of  the  torpedo,  and  develope  an  agent 
identical  with  electricity.  The  galvanic  action  also  produces  pain, 
increases  the  secretions,  or  induces  contractions ;  it  is  capable  of 
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exalting  the  nervous  power  or  annihilating  it,  of  causing  tetanus, 
convulsions,  or  complete  prostration.  Hence,  whatever  may  be 
our  views  of  the  nervous  power,  it  is  apparent  that  within  narrow 
limits,  its  place  may  be  temporarily  occupied  by  the  galvanic  cur- 
rent, and  the  results  produced  will  be  so  similar  that  no  one  can 
distinguish  between  them.  The  organic  nervous  power  does  not 
act  more  rapidly,  cannot  produce  more  active  movements,  nor 
induce  any  phenomena  of  the  body  different  from  those  brought 
about  by  galvanism  for  a  brief  period.  In  the  electrical  fishes, 
the  nervous  power  is  convertible  into  galvanism.  There  are  the 
same  laws  of  induction  common  to  both,  and  the  same  necessity  for 
chemical  action  to  develope  both.  Thus,  these  agents  appear  to 
be,  if  not  identical,  modifications  of  the  same  force,  and  by  no 
means  so  dissimilar  as  magnetism  and  electricity  appeared  to  be 
only  a  few  years  ago. 

All  experimenters  have  failed  to  obtain  an  induced  current  in  a 
magnetic  needle,  or  galvanoscopic  frog,  from  a  nerve  or  the  brain. 
But  this  does  not  prove  that  a  current  does  not  pass  in  them,  for 
we  fail  even  when  the  nerve  is  made  to  transmit  galvanism,  al- 
though vigorous  contractions  are  occurring  in  the  muscles.  There 
is  another  exception  taken  to  the  view,  that  the  nervous  power 
and  galvanism  are  identical — that  tying  a  nerve  destroys  its  capa- 
city to  transmit  a  nervous  current.  This  is  to  be  expected,  if 
we  remember  that  the  nerve  is  an  indifferent  conductor,  which 
may,  like  a  fluid,  convey  the  force  only  by  a  series  of  decompo- 
sitions and  recompositions  among  its  molecules,  and  may,  there- 
fore, lose  its  connection  by  the  action  of  the  ligature.  It  is  said 
that,  under  the  same  circumstances,  it  can  transmit  an  electrical 
current  which  has  a  striking  distance;  but  Matteucci  has  shown 
that  it  also  impedes  a  galvanic  current  of  very  low  intensity. 

This  capital  objection  has,  therefore,  been  removed,  and  some- 
thing like  a  demonstration  of  the  existence  of  a  current  passing 
between  the  stomach  and  liver,  has  been  made  by  Matteucci.  It 
will  be  remembered  that  the  secretion  of  the  stomach  is  acid,  and 
that  of  the  liver  alkaline,  and  this  has  induced  many  theorists  to 
surmise  the  existence  of  such  a  current.  The  experimental  proof 
is  as  follows :  a  plate  of  platinum  was  introduced  into  the  sto- 
mach of  a  rabbit,  and  another  placed  on  the  skin  over  the  liver; 
when  these  were  put  in  contact  by  a  wire  connected  with  a  gal- 
vanometer, a  considerable  current  was  detected,  which  deflected 
the  needle  20°.  This  current  was  found  to  be  connected  with 
the  integrity  of  the  pneumogastric  nerve,  for,  on  severing  it,  the 
deflection  became  only  3°,  and  it  was  entirely  connected  with  the 
brain,  for,  on  decapitation,  it  ceased  altogether. 

As  we  know  that  chemical  action  is  always  occurring  in  the 
muscular  structure,  and  Matteucci  has  shown  the  muscular  or 
galvanic  current  derived  therefrom  to  be  more  intense  than  that 
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common  to  the  system,  and  called   the  proper  electricity  of  the 
animal,  it  is  apparent  that  it  must  accomplish  something.     A  new 
theory  of  muscular  action  has  been  based  on  this  fact.     It  is  sup- 
posed that  the  galvanism  generated  in  the  cells   of  the  muscular 
tissue,  causes  them  to  repel  each  other,  and  produces  the  expand- 
ed state  of  the  tissue,  but  that  this  galvanism  is   discharged   into 
the  nerves  of  supply  at  the  moment  of  contraction,  causing  all 
the  cellules   to   approximate,  by  the  removal  of  the  cause  of  re- 
pulsion.     Something  of  this  kind  may  occur,  but  the  cause  of  the 
discharge  is   not   intelligible.     Moreover,  chemical  actions  occur 
in  the  brain,  and  are  calculated  to  produce  analogous  electrical 
effects.     From  this  we  are  led   to   infer  that  a  galvanic  (nervous) 
current  may  arise   from   the  brain,  and  another  (muscular)  from 
the  muscle;  but  the  laws  which  determine  their  action,  are  un- 
known.    It  has  been  objected   to  such  views  that   muscle  and 
nerve  are  not  good  electrical  conductors;  but  this  is  an  unimport- 
ant matter  if  it  be  admitted  that  they  differ  in  conducting  power. 
The  free  electricity  of  the  muscle  is  the  product  of  the  chemi- 
cal changes  passing  over  its  parts  at  all  times;  but  in  addition  to 
this,  Liebig  has  found  a  second  source,  which,  as  it  throws  light 
on  the  nutrition  of  the  muscle,  we  introduce  in  this  place.     He 
has  found  that   the   muscular  texture  is  bathed   by  an  acid  fluid 
containing  the  tribasic  phosphate  of  soda  with  acid  reaction,  and 
lactic  acid,  whereas,  it  is  well  known  that  the  blood  and  serum, 
as  well  as  the  surfaces  of  the  mucous  membranes,  the  chyle  and 
lymph,  possess  an  alkaline  reaction  from1,  the  presence  of  the  tri- 
basic phosphate  with  three  atoms  of  base.    Now,  under  these  cir- 
cumstances, a  movement  will  take  place  k  these  fluids  through  the 
tissues  that  lie  between  them,  and  a  galvanic  current  be  generated. 
Valli,  fifty  years    before,  had    proposed    a  view  much    more 
in  accordance  with  facts,  than  either  of  the  foregoing;  he  con- 
ceived  that  the  galvanism   was   set  free  on   the   surface  of   the 
capillaries  which  supply  the  nerves,  and  that  it  is  constantly  con- 
veyed  to   the    muscular   fibres,  which  continue  charged,  until  a 
counter  influence  from  the  brain  neutralizes  their  excitement. 

We  close  these  observations  with  the  remark,  that  the  simi- 
larity in  action  of  the  nervous  and  galvanic  forces  is  such  as  to 
induce  us  to  hope  for  a  more  complete  investigation  of  the  sub- 
ject, and  even  to  anticipate  that  hereafter  they  may  be  found 
identical ;  but  manifested  dissimilarly  in  consequence  of  the  or- 
ganized structure  of  the  body  ;  in  the  same  way  that  electricity 
and  magnetism,  although  one  agent,  have  few  properties  exactly 
similar,°and  are  apparently  opposed  in  many.  One  truth  is  now 
certain,  that  galvanism  is  generated  in  the  body  wherever  chemi- 
cal action  occurs,  as  in  the  changes  of  nutrition,  respiration,  and 

secretion. 

11* 
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AFFINITY. 

Affinity  was  originally  employed  to  designate  a  particular 
force  which  united  the  molecules  of  matter  together.  There 
were  supposed  to  he  three  varieties  of  this  force :  that  which 
bound  together  the  similar  atoms  of  bodies,  which  was  called 
simple  affinity  or  cohesion— that  which  determined  union  be- 
tween dissimilar  molecules,  termed  heterogeneous  affinity,  or  ca- 
pillary attraction;  and  lastly,  chemical  affinity,  which  served  not 
only  to  unite  dissimilar  atoms,  but  also  modified  their  properties, 
so  that  they  were  no  longer  to  be  recognized  by  physical  tests. 
These  varieties  of  force  may  be  readily  illustrated.  If  we  press 
together  two  pieces  of  clean  lead,  or  of  plate  glass,  they  will  ad- 
here, and  with  considerable  force ;  this  is  an  instance  of  the  ope- 
ration of  the  cohesive  force.  If  a  perfectly  clean  piece  of  plate 
glass  be  let  down  to  the  surface  of  pure  mercury,  they  attract  one 
another  with  considerable  force  in  consequence  of  the  heteroge- 
neous affinity,  or  capillary  attraction,  existing  between  these  bo- 
dies. In  neither  of  the  foregoing  instances  are  the  substances 
altered  in  figure  or  sensible  properties;  but  if  we  now  bring  nitric 
acid  in  contact  with  the  quicksilver,  union  occurs,  attended  with 
the  evolution  of  red  fumes,  and  both  the  acid  and  metal  lose  their 
properties,  the  mixture  becoming  a  crystalline  solid — this  is  a 
case  of  chemical  affinity. 

Formerly,  there  was  supposed  to  be  a  radical  difference  be- 
tween these  forms  of  affinity,  but  they  are  now  found  to  be  mo- 
difications of  the  same  force.  Nor  is  this  a  new  force,  sui  generis, 
but  an  instance  of  electrical  action.  This  may  be  readily  proved : 
If  we  cause  two  plates  of  glass  to  adhere  by  bringing  them  in 
close  contact,  and  then  separate  them,  and  carry  each  to  the  gold 
leaf  electrometer,  one  will  be  found  negative,  and  the  other  posi- 
tive. This  effect  will  appear  in  the  case  of  all  solids  which  are 
insulated;  in  fluids,  the  union  is  too  close  to  enable  us  to  test  the 
electrical  state  of  the  parts,  but  it  will  be  remembered  that  Pouil- 
let  has  shown  that  the  disintegration  of  their  molecules  is  attended 
with  electrical  disturbance.  In  cases  of  capillary  attraction,  the 
electrical  force  is  also  active;  if  the  glass  and  mercury  be  insu- 
lated, it  will  be  found  that  on  separation  both  develope  electricity. 
In  this  case,  the  attraction  is  completely  under  the  influence  of 
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electricity,  for  if  we  place  a  little  water  on  the  surface  of  mercury, 
no  affinity  is  apparent;  the  water  collects  in  drops  and  insulates 
itself  from  the  mercury,  but  the  instant  we  bring  the  negative  pole 
of  a  galvanic  battery  in  contact  with  the  metal,  and  let  the  posi- 
tive touch  the  water,  union  occurs,  the  water  spreading  over  the 
quicksilver,  and  wetting  it  completely.  In  chemical  affinity,  the 
electrical  force  controls  the  action,  as  we  have  shown  in  page 
99.  The  electro-chemical  theory  is  a  sufficient  evidence  of  this 
position. 

There  are  circumstances  in  which  these  agree,  as  well  as  points 
of  difference.  In  every  case  of  affinity,  electrical  disturbance 
arises,  but  it  is  most  violent  in  the  process  of  chemical  union. 
The  force  acts  only  at  insensible  distances.  Newton  came  to  the 
conclusion  that  cohesion  did  not  act  at  a  distance  exceeding  the 
millionth  of  an  inch,  and  it  is  well  known  that  chemical  action 
rarely  occurs,  unless  one  of  the  bodies  be  fluid  or  gaseous.  Co- 
hesion, capillary  attraction,  and  chemical  affinity,  are  all  controlled 
by  electricity.  If  we  electrify  two  pieces  of  glass  similarly,  they 
repel  each  other;  if  dissimilarly,  cohesion  takes  place.  Water 
and  saline  fluids  can  be  made  to  mingle  with  quicksilver,  when 
their  electrical  states  are  dissimilar.  Chemical  union  of  the  most 
intense  nature  can  be  overcome  by  the  galvanic  current. 

The  question  whether  capillary  attraction,  or  chemical  union, 
shall  take  place  in  any  case,  depends  upon  the  relation  between 
the  force  which  binds  the  atoms  of  either  body  together,  and  the 
degree  of  disturbance.  Capillary  attraction  is,  by  no  means,  a 
universal  result  of  the  action  of  matter;  it  takes  place  only  be- 
tween certain  bodies,  and  differs  in  intensity.  Chemical  affinity 
is  equally  a  special  result,  occurring  only  between  bodies,  the  elec- 
trical relations  of  which  are  widely  dissimilar;  and  also  differing 
to  a  considerable  extent  in  intensity.  Clairaut  has  determined  the 
ratio  of  the  cohesive  force  to  the  capillary  affinity  which  produces 
the  rise  of  fluids  in  glass  tubes,  or,  what  amounts  to  the  same 
thing,  the  wetting  of  a  surface  by  a  fluid  for  which  it  has  an  affi- 
nity; and  Professor  Draper  has  added  to  this  estimate  the  con- 
dition under  which  chemical  union  results.  These  are  expressed 
in  the  four  following  laws: 

1st.  The  force  which  binds  together  the  atoms  of  a  homoge- 
neous body,  is  electricity,  and  is  called  the  cohesive  force;  it  is 
very  dissimilar  in  intensity,  in  different  forms  and  kinds  of 
matter. 

2d.  If  the  electrical  attraction  of  a  fluid  for  a  solid  be  less  than 
half  the  cohesive  force,  capillary  affinity  does  not  occur,  the  fluid 
does  not  wet  the  solid,  and  will  be  depressed  in  a  minute  tube 
made  of  the  solid. 

3d.  If  the  electrical  attraction  of  a  fluid  for  a  solid  exceeds  half, 
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but  is  less  than  the  whole  cohesive  force,  it  will  wet  the  solid,  and 
rise  through  its  interstices,  or  in  a  capillary  tube  made  of  it. 

4lh.  If  the  electrical  attraction  of  a  solid  or  fluid  for  another 
fluid  exceeds  the  whole  cohesive  force,  chemical  union  will  occur. 

Cases  of  solution,  of  the  penetration  of  gases  and  vapors  into 
one  another,  of  the  ascent  of  fluids  into  solids,  and  the  passage  of 
mercury  through  metals,  are  instances  of  capillary  affinity.  In 
the  relation  of  mercury  to  solids,  we  are  presented  with  instances 
in  which  the  capillary  affinity  gradually  passes  into  chemical 
union.  If  two  globules  of  mercury  be  brought  near  to  one  an- 
other, union  occurs;  this  is  an  instance  of  cohesion.  If  iron  be 
brought  in  contact  with  this  metal,  it  is  in  no  way  affected;  the 
surface  is  not  wetted  by  the  quicksilver,  nor  does  any  part  of  it 
rise  into  the  interstices  of  the  iron  ;  the  cohesive  force  is  greater 
than  the  electrical  attractions  of  these  substances.  But  a  clean 
piece  of  copper  or  silver  brought  to  the  mercury,  is  instantly 
affected  ;  they  are  wetted,  and  if  exposed  sufficiently  long,  become 
permeated  in  all  directions ;  the  cohesion  of  their  atoms  is  over- 
come, and  a  compound  body  is  produced.  But  if  we  examine 
the  action  on  the  silver  more  particularly,  it  will  be  found  that  a 
peculiar  substance  differing  from  both  of  the  components,  is  formed; 
the  amalgam  assumes  the  crystalline  figure,  and  becomes  no 
longer  a  solution  of  silver  in  mercury,  but  a  definite  chemical 
body,  composed  of  a  fixed  number  of  atoms,  and  having  a  certain 
figure.  In  this  case,  the  chemical  body  is  produced  without  any 
remarkable  disturbance  of  the  electrical  force  (or  ether),  and  seems 
to  be  little  more  than  a  case  of  solution,  but  in  most  instances  a 
considerable  disturbance  of  heat,  light  or  electricity  occurs  during 
chemical  union,  and  characterizes  it. 

We  propose,  in  this  place,  to  consider  chemical  affinity,  leaving 
the  applications  of  capillary  attraction  to  the  circulation  of  fluids 
in  animals,  to  the  section  on  animal  chemistry.  The  subject 
divides  itself  into  the  following  sections: 

§  1.   The  phenomena  of  chemical  affinity . 
§  2.   The  chemical  relations  of  matter. 
§  3.   The  effects  of  the  chemical  force. 


§    1.    THE  PHENOMENA  OF  CHEMICAL  AFFINITY. 

It  has  been  remarked  that  the  intense  electrical  affinity  which 
produces  chemical  union,  is  usually  attended  with  phenomena 
that  are  not  perceptible  in  cases  of  cohesion  and  capillary  attrac- 
tion. In  chemical  union,  we  commonly  observe  the  evolution  of 
light,  heat,  electricity,  and  change  of  color,  density,  form,  or  other 
sensible  properties,  and  these  appearances  decide  us  in  referring 
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the  cause  to  chemical  combination.  Bodies  which  are  charac- 
terized by  intense  causticity,  as  potash  and  sulphuric  acid,  become 
neutral,  possessing  little  action.  Intensely  colored  substances 
lose  their  appearance,  fluids  become  solids,  gases  are  converted 
into  crystalline  substances,  and  every  variety  of  change  occurs  in 
chemical  union. 

It  is  not  to  be  expected  that  where  the  active  properties,  colors, 
and  densities  are  so  altered,  the  changes  should  take  place  without 
disturbance  to  the  ether  contained  in  the  combining  substances. 
This  is  thrown,  in  many  cases,  into  intense  action;  where  rapid 
condensation  occurs,  great  heat  is  evolved,  sometimes  gaseous 
bodies  are  evolved  from  solids  with  explosive  violence,  or  the 
addition  of  a  fluid  throws  a  solid  into  intense  ignition.  Indeed, 
wherever  chemical  affinity  is  considerable,  the  ether  is  remarka- 
bly affected,  and  light,  heat,  electricity,  change  of  color,  and  ex- 
plosions, often  take  place.  In  these  cases,  the  phenomena  indicate 
chemical  action. 

By  experience,  we  have  discovered  that  certain  bodies,  as 
oxygen,  chlorine,  iodine,  sulphur,  are  intensely  active,  combining 
with  most  solids;  and  reviewing  this  knowledge,  we  find  that 
those  which  are  high  on  the  electro-negative  scale  have  the  great- 
est affinity  for  those  high  on  the  electro-positive  scale  (page  102). 
Their  electrical  relations  being  intense  and  dissimilar,  union 
occurs  between  them  with  great  force.  Nor  does  chemical  union 
occur  between  simple  substances  only,  but  between  such  as  are 
highly  complex. 

Circumstances  which  assist  Chemical  Union. — The  principal 
of  these  are:  the  fluid  form,  the  nascent  state,  heat,  certain  elec- 
trical states,  and  light. 

The  fluid  state  is  one  of  the  most  essential  conditions  to  the 
display  of  chemical  action;  indeed,  formerly  it  was  supposed 
essential,  but  we  are  now  acquainted  with  many  instances  in 
which  it  is  not  necessary.  In  the  fluid,  the  cohesive  force  is  con- 
siderably less  than  in  the  solid,  and  there  is  a  facility  of  access 
among  the  atoms  which  allows  of  their  juxtaposition.  The  in- 
terspaces of  fluids  are  also  greater  than  in  most  solids,  and  hence 
the  diffusion  of  matter  is  more  ready.  So  considerable  is  the 
influence  of  fluidity,  that  it  is  often  enough  to  dry  up  a  mixture 
to  stop  chemical  union,  and  this  is  especially  true  in  organic 
changes,  as  in  fermentation. 

The  Nascent  State. — It  is  found  that  when  a  gaseous  sub- 
stance is  first  made  free  from  its  combinations,  it  is  much  more 
active  than  when  aerial.  Oxygen,  hydrogen  and  nitrogen  are 
gaseous  bodies,  and  when  in  their  ordinary  state,  are  not  remarka- 
ble for  great  activity  ;  indeed,  hydrogen  and  nitrogen  are  almost 
inactive,  but  when   first   produced  from   their  compounds,  and 
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before  they  have  passed  into  the  state  of  gases,  they  are  the  most 
energetic  substances  in  nature.  It  is  to  be  supposed  that  they 
are  fluids  in  the  nascent  state,  and  being  much  condensed,  act  with 
violence,  for  if  we  condense  them  by  spongy  platinum,  artificially, 
they  become  energetic.  These  are  not  the  only  instances  where 
a  substance  displays  a  great  difference  in  chemical  activity. 
Chlorine,  phosphorus,  sulphur,  carbon,  iron,  and  perhaps  nearly 
every  element,  has  an  active  and  inactive  form.  Nor  are  these 
merely  attributable  to  the  state  of  condensation,  for  iron,  whether 
active  or  inactive,  has  the  same  appearance.  From  these  facts, 
it  appears  that  the  ability  to  display  chemical  affinity  is  not  a 
property  of  the  atom  so  much  as  of  the  forces  by  which  it  is 
moved,  for  if  inactive  chlorine  be  exposed  to  the  light,  it  becomes 
active;  again,  if  active  phosphorus  be  exposed  to  the  same  agent, 
it  becomes  inactive.  Iron  thrown  into  the  electrical  state,  is  in- 
active to  agents  with  which  it  readily  combines  under  ordinary 
circumstances.  These  states  of  matter  are  termed  allotropic,  am\ 
the  fact  of  their  existence  allotropism. 

Mlotropism  is  not  simply  the  fact  that  many,  if  not  all,  ele- 
ments exhibit  an  active  and  inactive  state;  for  some,  as  carbon, 
have  three  allotropic  forms,  as  the  diamond,  plumbago,  and  lamp- 
black. Hence  a  necessity  has  arisen  for  a  descriptive  nomen- 
clature, especially  as  there  is  little  doubt  that  the  particular  state 
of  an  element  modifies  all  its  compounds.  We  find  in  organic 
chemistry  numerous  bodies  with  the  same  atoms  in  similar  pro- 
portions, but  of  very  different  properties,  which  are  called  iso- 
meric. Such  are  oil  of  turpentine  and  lemons  ;  carburetted  hy- 
drogen, a  fetid  gas,  and  otto  of  roses.  In  such  cases  of  isomerism, 
the  difference  of  properties  can  only  be  attributed  to  the  presence 
of  the  elements  in  different  allotropic  states,  or  to  a  difference  in 
the  arrangement  of  the  atoms.  A  new  nomenclature,  with  ap- 
propriate symbols,  has,  therefore,  been  recommended.  The  ac- 
tive phase  has  been  designated  the  alpha  (a)  state,  and,  other 
phases,  beta  (/3),  gamma  (y),  &c,  and  the  symbols  for  carbon 
are  written  as  follows: 

aC....       /3  C y  C. 

In  this  system,  the  older  term,  nascent,  is  rendered  alpha,  or 
active ;  and  we  say  that  the  alpha  or  active  state  of  elements  is 
favorable  to  chemical  union. 

Heat  favors  chemical  combination  principally  by  converting 
solids  into  fluids.  The  alloys  furnish  excellent  illustrations  of 
this  fact,  for  the  metals  have  no  action  whilst  solid,  but  when 
fused,  the  particles  run  together  and  union  results;  this  is  not, 
however,  always  of  the  chemical  kind,  but  often  results  from 
capillary  attraction.  Certain  acids,  as  the  silicic  (sand),  phosphoric 
and  boracic,  act  feebly,  except  at  high  temperatures,  when  they 
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become  very  energetic.  In  such  cases,  it  is  apparent  that  heat 
assists  chemical  action  by  diminishing  the  cohesive  form.  But 
there  are  instances  where  its  action  is  entirely  different.  For,  if 
we  apply  heat  to  some  gaseous  mixtures  (as  oxygen  and  hydro- 
gen), they  unite,  and  often  with  explosive  violence;  in  such  cases, 
there  is  little  if  any  influence  exercised  on  the  cohesion  of  the 
bodies,  and  the  operation  can  only  be  accounted  for  by  reference 
to  the  molecular  disturbance  produced  in  the  mixture,  and  which 
is  propagated  with  great  rapidity.  For,  as  heat  is  known  to  dis- 
turb the  electrical  state  of  many  substances,  it  cannot  be  doubted 
that  it  may  act,  in  this  manner,  upon  a  mixture  of  gases. 

The  electrical  state  of  the  matter  exerts  a  complete  control 
over  chemical  union.  This  is  apparent  in  the  galvanic  battery, 
where,  by  establishing  an  electrical  state  more  powerful  than 
that  existing  between  the  atoms  of  a  compound,  they  are  dis- 
severed. It  is  also  apparent  in  the  union  produced  between 
gaseous  mixtures  by  the  electric  spark,  which,  by  disturbing  the 
electrical  equilibrium  of  the  mixture,  often  induces  union  with 
explosive  violence. 

Light  exerts  considerable  action,  both  of  union  and  decompo- 
sition, among  the  molecules  of  matter.  In  the  vegetable,  this  is 
most  apparent;  here  it  effects  the  decomposition  of  carbonic  acid 
gas,  and  the  union  of  carbon  with  water,  actions  which  are  re- 
markably different  from  those  of  common  chemical  affinity.  A 
striking  instance  of  its  action  is  in  the  conversion  of  inactive,  or 
|3  chlorine  into  a  chlorine,  by  exposure  to  the  sun's  rays  for  a 
few  seconds. 

Causes  which  retard  Chemical  Action. — The  principal  causes 
which  impede  or  arrest  chemical  action  are  cohesion,  elasticity, 
and  the  state  of  combination. 

Cohesion  acts  continually  to  impede  chemical  union,  where 
it  is  considerable,  by  hindering  the  apposition  of  the  mole- 
cules, between  which  only  the  force  acts.  The  hammering,  or 
condensing  a  metal  by  pressure,  by  which  we  increase  the  cohe- 
sive force  between  the  atoms,  renders  the  substance  less  destructi- 
ble than  when  porous.  Heat,  on  the  other  hand,  by  overcoming 
the  cohesion,  nearly  always  assists  chemical  union,  and  fre- 
quently originates  it  between  bodies  which  exercise  little  affinity 
towards  each  other. 

There  is  another  and  very  important  action  of  cohesion  in  mo- 
difying chemical  union.  It  has  been  said  that,  as  a  general  rule, 
the  bodies  highest  on  the  electro-negative  list  have  the  greatest 
affinity  for  those  highest  on  the  electro-positive  class,  but  this 
principle  is  perverted  in  many  cases  by  the  influence  of  cohesion. 
For,  the  two  bodies  which  form  a  solid  compound  will  unite, 
although  they  may  be  low  in  the  list,  in  preference  to  those  which 
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are  high,  but  form  a  fluid  by  their  union.     Hence,  our  measure 
of  affinity  is  influenced  by  cohesion  as  well  as  the  act  of  chemical 

union. 

Elasticity. — A  gas  is  an  elastic  body,  and  possesses  little 
chemical  activity  as  compared  to  a  fluid.  However  great  the 
affinities  between  substances  may  be,  if  one  or  both  are  gaseous, 
they  will  seldom  unite,  except  under  the  influence  of  some  dis- 
turbing force,  as  heat,  light,  or  electricity.  Again,  in  decomposi- 
tions, the  substances  which  are  elastic  will  be  produced  in  pre- 
ference to  those  which  are  fluid.  So  that  elasticity,  like  cohesion, 
acts  by  disturbing  the  affinities  of  substances  as  well  as  by  im- 
peding chemical  union. 

Coldness,  by  assisting  cohesion,  diminishes  chemical  action. 
This  is  particularly  the  case  in  organic  compounds,  and  in  plants 
and  animals.  In  them  the  union  occurs  between  numerous  atoms, 
and  the  product  often  depends  upon  the  degree  of  temperature. 
Fermentations  will  not  take  place  at  temperatures  below  40°  F., 
arid  specific  kinds  of  fermentation  arise  as  we  increase  the  heat, 
although  the  bodies  present  remain  the  same. 

State  of  Combination. — The  chemical  force  is  called  an  elec- 
tive force,  because  one  body  prefers  certain  others  out  of  a  num- 
ber, and  does  not  enter  promiscuously  into  union  with  them  all. 
But  whilst  we  know  the  ordinary  appetence  of  one  substance  for 
another,  it  is  not  right  to  conceive  that  it  will  elect  it  under  all 
circumstances.  Thus  oxygen  has  a  great  affinity  for  hydrogen, 
and  their  union  forms  water;  but  whether  this  affinity  shall  be 
satisfied,  depends  not  only  on  the  form  of  the  bodies,  but  their 
state  of  combination.  If  the  oxygen  be  already  united  with  a 
metal,  the  hydrogen  will  scarcely  remove  it,  although  abstractly 
its  affinity  may  be  greater;  on  the  other  hand,  if  we  present  both 
bodies  in  the  state  of  combination,  they  may  meet  and  form  water. 
Let  the  hydrogen  be  combined  with  chlorine,  this  constitutes  the 
chloride  of  hydrogen  ;  let  the  oxygen  be  in  union  with  iron,  this 
forms  oxide  of  iron.  Bring  these  together,  and  decomposition 
occurs  ;  the  affinity  of  the  oxygen  and  hydrogen,  though  they  are 
combined,  determines  the  destruction  of  the  chloride  of  hydrogen 
and  oxide  of  iron  ;  being  now  separated  from  their  combinations, 
they  unite  and  form  water,  the  two  other  substances  also  com- 
bining to  form  chloride  of  iron.  Thus  the  state  of  combination 
influences  the  play  of  affinity. 

The  second  case  presents  us  with  an  illustration  of  double  de- 
composition, and  is  to  be  distinguished  from  single  decomposition 
where  the  affinity  is  not  controlled,  as  in  the  "following  case  of 
chloride  of  copper  and  iron.  The  latter  metal  has  a  great  affinity 
for  chlorine,  and  finds  it  already  united  with  copper  in  the  chloride 
of  copper  ;  this  does  not  destroy  its  affinity  if  the  salt  be  in  so- 
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hition.  The  iron  displaces  the  copper,  which  falls  in  the  state  of 
metal,  and  as  this  decomposition  proceeds,  it  is  ready  to  unite 
with  every  atom  of  chlorine  to  form  chloride  of  iron.  This  is 
an  instance  of  simple  elective  affinity,  and  simple  decomposition. 

In  instances  of  double  decomposition,  there  must  be  a  more 
powerful  chemical  affinity  between  one  pair  of  elements  than  be- 
tween the  other,  or  there  must  be  some  other  disturbing  action, 
as  of  cohesion  or  elasticity.  Those  bodies,  which  have  the 
greatest  action,  are  said  to  exhibit  divellent  affinities,  and  those 
which  are  less  active,  quiescent  affinities;  and  decomposition  will 
only  arise  where  the  divellent  affinity  much  exceeds  the  quies- 
cent. 

Hence  the  state  of  combination  impedes  both  simple  and  com- 
pound affinities,  and  is  always  to  be  considered  in  determining 
the  question  whether  two  bodies  which  are  known  to  have  a 
powerful  action  on  one  another  under  one  state  of  things,  shall 
unite  under  another  phase.  Oxygen  has  the  most  intense  af- 
finity for  potassium,  but  it  cannot,  whilst  in  the  gaseous  state, 
decompose  the  chloride  of  that  metal,  nor  can  it  affect  this  change 
if  combined  with  hydrogen  as  water. 

Tables  of  Affinity. — The  simple  law,  already  expressed, 
that  bodies  most  intensely  negative,  unite  with  those  most  posi- 
tive, serves  us  when  the  substances  are  simple  and  not  compound, 
and  in  those  eases  where  the  disturbing  influence  of  cohesion,  &c. 
does  not  operate,  but  in  no  other  cases.  Under  this  restriction,  we 
may  prepare  tables,  exhibiting  the  preference  of  oxygen,  chlorine, 
&c,  which  are  curious,  but  of  little  practical  importance. 

In  compounds,  containing  an  acid  and  base,  and  called  suits, 
we  know  one  side  to  be  eleetro-positive,  and  the  other  electro- 
negative;  but  cannot  determine,  by  any  general  law,  what  the 
aetion  of  another  acid  or  base  may  be  on  the  salt.  In  a  simple 
ease,  we  are  aware  that  soda  has  an  affinity  for  sulphuric  acid, 
greater  than  for  the  nitric,  muriatic,  acetic,  carbonic  acids,  &c,  but 
this  may  be  modified  by  very  trivial  circumstances.  A  table  may 
be  drawn  up  representing  the  order  of  this  decomposition  for  soda, 
and  for  sulphuric  aeid  to  show  their  form ;  but  tables  of  affinity, 
as  designed  by  Geoffroy,  are  of  no  utility. 

Soda.  Sulphuric  Acid. 

Sulphuric  acid,  Barytes, 

Nitric  acid,  Strontia, 

Muriatic  acid,  Potash, 

Acetic  acid,  Soda, 

Carbonic  acid.  Lime, 

Magnesia, 
Oxide  of  silver. 

12 
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The  soda  or  sulphuric  acid  being  alone  and  without  disturb- 
ance, the  order  of  decomposition  given  above,  will  be  found  cor- 
rect, but  in  a  compound  mixture,  it  cannot  be  depended  upon. 
The  soda  table  indicates  that  the  carbonate  will  be  decomposed 
by  the  acetic  acid,  the  carbonic  acid  being  driven  off — that  the 
acetate  in  its  turn  will  be  decomposed  by  the  muriatic  acid,  the 
acetic  acid  which  is  volatile  escaping  :  now  the  muriate  may  be 
disturbed  by  the  nitric  acid,  and  this  by  the  sulphuric  acid.  But 
if  we  heat  the  nitrate  of  soda  in  the  air,  it  will  lose  its  acid,  and 
become  carbonate  of  soda.  Hence  the  application  of  heat  de- 
ranges the  chain  of  affinities. 

It  may  be  remarked,  as  a  general  rule  in  analysis,  that  if  we 
mix  together  a  number  of  active  bodies,  the  order  of  affinity  will 
not  be  followed  in  their  combinations,  but  there  will  be  produced, 
by  preference,  compounds  which  are  solid  or  gaseous. 


§  2.    THE  CHEMICAL  RELATIONS  OF  MATTER. 

There  is  a  striking  difference  between  the  union  of  bodies  by 
the  chemical  force  and  under  the  influence  of  capillary  attraction. 
If  a  grain  of  disulphate  of  quinine  be  mixed  with  a  pint  of  water, 
every  part  will  be  rendered  bitter;  the  medicine  will  be  diffused 
equally  throughout  the  whole.  This  will  be  found  true,  what- 
ever the  quantity  of  soluble  substance,  there  being  but  one  limit 
to  solubility,  and  that  is  the  quantity  which  can  be  suspended  at 
a  given  temperature.  But  in  the  case  of  chemical  union,  if  we 
add  one  grain  of  sulphuric  acid  to  an  ounce  of  potash,  the  acid 
will  unite  with  about  a  grain  of  this  body,  leaving  the  remainder 
untouched.  It  will  not  be  found  throughout  the  mass  as  free 
sulphuric  acid,  but  as  a  new  substance,  sulphate  of  potash,  with 
properties  widely  different  from  the  free  acid  or  base.  Before 
we  can  affect  the  whole  of  the  potash,  a  weighed  amount  of  acid 
must  be  employed,  and  we  find  that  their  complete  union  never 
occurs  except  in  a  determinate  quantity.  If  any  other  acid  be 
used,  the  quantity  will  differ  before  we  render  the  potash  neutral. 
The  patient  study  of  the  amounts  necessary  to  neutralize,  saturate 
or  combine  with  given  bodies,  has  put  us  in  possession  of  the 
equivalent  weights,  or  combining  proportions  of  substances. 
These  numbers  also  represent  the  atomic  weights,  according  to 
the  hypothesis  that  bodies  consist  of  definite  atoms. 

We  might  prepare  a  table  of  the  combining  weights  of  bodies, 
in  grains  or  pounds,  for  practical  purposes,  but  for  the  conveni- 
ence of  theory,  it  is  preferable  to  adopt  a  standard.  Some  prefer 
hydrogen,  which  is  the  lightest  body  in  nature  for  unity;  others, 
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for  the  purpose  of  facilitating  analytical  calculations,  select  oxygen, 
the  most  active  body,  as  100.  The  former  is  termed  the  hydro- 
gen scale,  the  latter  the  oxygen  scale. 

The  proportions  in  which  the  atoms  of  bodies  combine,  are 
fixed  and  unalterable;  they  are  true  for  those  which,  like  the 
metals  and  certain  gases,  have  never  been  decomposed,  and  are 
called  elementary,  and  those  which  are  well  known  to  consist  of 
two  or  more  elements  in  combination.  Indeed,  if  we  know  the 
equivalent  or  combining  proportional  of  the  elements  of  which 
any  compound,  as  an  acid  or  base,  is  formed,  we  also  know  that 
of  the  compound — for  it  is  the  sum  of  the  equivalents  of  the 
number  of  atoms  present.  Thus,  sulphuric  acid  is  known  to 
consist  of  one  equivalent  or  atom  of  sulphur,  the  proportional  of 
which  is  16.12,  and  three  atoms  of  oxygen;  the  number  for 
oxygen  being  8,  three  times  will  be  24  ;  hence  the  proportional 
for.  the  acid  is  40.12,  which  represents  its  combining  number  in 
every  case.  Again,  where  union  occurs  between  two  salts,  or  in 
organic  bodies  which  contain  many  atoms,  it  follows  the  foregoing 
simple  law.  Therefore,  all  that  is  necessary  is  a  table  of  the 
equivalents  of  the  elementary  bodies,  the  rest  being  deduced  by 
calculation.  For  convenience,  it  is  customary  to  employ  the 
initial  letters  of  the  English  or  Latin  names  of  the  elementary 
bodies,  instead  of  writing  them  in  full.  These  are  called  the 
symbols,  and  when  a  compound  is  designated,  the  symbolical 
letters  are  connected  by  a  +  sign  to  indicate  their  union. 

Table  of  the  Elementary  Bodies  of  Chemistry  with  their  Symbols 
and  Combining  Proportions  according  to  the  Hydrogen  and  Oxygen 

Scales. 


Names  of  the  elements. 

Non-metallic  and  electro-  Symbol. 
negative  bodies. 

Oxygen       .  .  O. 

Fluorine     .  .  F. 

Chlorine      .  .  Cl. 

Bromine      .  .  Br. 

Iodine          .  ■  I. 

Sulphur       .  .  S. 

Selenium    .  .  Se. 

Tellurium  .  Te. 

Nitrogen     .  .  N. 

Phosphorus  ?  .  P. 

Silicon         .  .  Si- 

Boron          .  .  B. 

Carbon        .  .  C. 

Hydrogen    .  .  H- 


Equivalent  weights. 

i "  i 

Hydrogen  scale.        Oxygen  scale. 


8.01 

18.74 

35.47 

78.39 

126.6 

16.12 

39.63 

64.25 

14.0 

31.44 

22.22 

10.91 

6.08 

1.00 


100.0 

233.8 

442.6 

978.3 

1579.5 

201.17 

494.6 

801.76 

175.0 

392.3 

277.3 

136.2 

76.0 

12.5 
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Equivalent  weights. 


Names  of  the  elements.                            »- 

1 

allic  and  dedro-positive    Symbol.        Hydrogen  scale.        Oxygen  scale. 

dements. 

Potassium     . 

.      K.      .      . 

39.26       .       . 

489.9 

Sodium 

.       Ka.    .       . 

23.31       .       . 

290.9 

Lithium 

.      L.      .      . 

6.44       .       . 

80.3 

Barium         . 

.       Ba.    .       . 

68.66       .       . 

856.9 

Strontium     . 

.       Sr.      .       . 

43.85       .       . 

547.3 

Calrium 

.       Ca.     .       . 

20.52       .       . 

256.0 

Magnesium  . 

.       Mg.   .       . 

12.69       .       . 

158.3 

Jlluminum    . 

.      Al.     .       . 

13.7          .       . 

171.2 

Glucinum    . 

.      G.      .       . 

26.54       .       . 

331.3 

Yttrium 

.      Y.      .      . 

32.25 

402.5 

Zirconium    . 

.       Z.      .      . 

33.67       .       . 

420.2 

Thorium 

.      Tb.    .      . 

59.83       .       . 

744.0 

Cerium 

.       Ce.     .       . 

46.05       .       . 

574.7 

Lanthanum 

La.     . 

— 

— 

Didymium 

.       D.      . 

— 

— 

Erbium 

.      E.      . 

— 

— 

Terbium 

.       Tr.     . 

— 

— 

Manganess 

.      Mn.   . 

27.72 

345.9 

Ir on 

.       Fe.     . 

27.18       . 

339.2  ' 

Coball 

.       Co.     . 

29.57       . 

369.0 

Nickel 

.      Ni.     . 

.       29.62       . 

369.7 

Zine     . 

.       Zn.    . 

.       32.31 

403.2 

Cadmium 

.       Cd.    . 

.       55.83       . 

6P6.8 

Lead    . 

.       Pb.    . 

.     103.73       . 

1294.5 

Tin      . 

.       Sn.     . 

.       58.92       . 

735.29 

Bismuth 

.      Bi.      . 

.       71.10       . 

886.9 

Copper 

.       Cu.     . 

.       31.71       . 

.       395.7 

Uranium 

.      U.      . 

.     217.26 

2711.4 

Mercury  1 

.      Hg.    . 

.     101.43       . 

I264.S 

Silver   . 

.         .       Ag.    . 

.     10S.3 

.     1351.6 

Palladium 

.      Pd.    . 

.       53.36       . 

.       665.9 

Rhodium 

.      R.      . 

52.20 

.       651.4 

Iridium 

.       Ir.      . 

.       9S.84       . 

.     1233.5 

Platinum 

.       Pt.      . 

.       98.84       . 

.     1233.5 

Gold    . 

.       Au.    . 

.     199.21 

.     2486.0 

Osmium 

.       Os.     . 

.       99.72 

.     1244.5 

Titanium 

.      Ti.     . 

.       24.33       . 

303.66 

Tantatum 

.       Ta.    . 

.     184.90       . 

.     2307.4 

Tungsten 

.      W.     . 

.       94.80       . 

.     1183.0 

Molybdenui 

n       .      Mo.    . 

.       47.96       . 

.       598.5 

Vanadium 

.       V.      . 

.       68.66       . 

.       856.9 

Chromium 

.       Cr.     . 

.       28.19       . 

.       351.8 

Antimony  ? 

.       Sb.     . 

.     129.2 

.     1612.9 

Arsenic  ? 

.       As.    . 

.       75.34       . 

.       940.1 

The  substances  in  this  table  marked  with  ?  have  their  com- 
bining proportionals  in  some  doubt.  Several  bodies  placed  in 
the  list  of  metals  are  also  electro-negative  in  their  characters,  espe- 
cially arsenic  and  antimony,  whilst  hydrogen  and  nitrogen  possess 
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(he  properties  of  metals.     The  substances  printed  in  Italics  are 
of  particular  interest  to  the  physician. 

From  the  above  enumeration,  it  will  appear  that  there  are 
fifty-eight  elements  known  to  chemists,  but  some  three  or  four  of 
these  are  in  doubt;  the  greater  number  are  also  mineralogical 
curiosities,  having  little  interest  and  of  no  known  utility.  Forty- 
four  are  metallic  and  more  or  less  electro-positive,  whilst  fourteen, 
or,  according  to  some  authors,  ten,  are  non-metallic  and  powerfully 
electro-negative,  uniting  with  most  of  the  former  class. 

Three  classes  of  bodies  result  from  this  union,  respectively 
called — acids,  bases  and  salts.  Acids  are  usually  of  a  sour  taste, 
often  caustic;  they  change  vegetable  blues  to  red,  are  electro- 
negative, and  combine  with  bases  to  form  the  common  salts. 
Bases  are  not  distinguished  by  the  foregoing  characters;  they  are 
also  electro-positive,  and  combine  with  acids.  Salts  are  the  pro- 
ducts of  the  union  of  acids  with  bases,  usually,  but  there  is  a 
class  of  substances,  of  which  common  table  salt  is  an  instance, 
which  are  very  similar  to  the  common  salts,  but  contain  neither 
an  acid  nor  base;  such  are  termed  haloid  salts.  They  are  com- 
pounds of  the  haloid  electro-negative  substances,  chlorine,  bro- 
mine, iodine,  fluorine,  cyanogen,  &c,  with  metals.  We  do  not, 
however,  confine  the  term  acid  to  bodies  which  are  sour,  and  red- 
den blue  infusions,  for  many  have  neither  of  these  qualities,  but 
their  essential  feature  is  the  ability  to  combine  with  a  base. 

The  Atomic  Theory. — The  student  will  now  be  prepared  to 
understand  the  beautiful  speculation  of  Dr.  Dalton,  called  the 
atomic  theory.  According  to  this  view  of  matter,  it  consists  of 
indivisible  minute  atoms,  among  which  union  takes  place.  These 
are  supposed  to  be  spheroidal  and  unchangeable,  with  a  fixed 
weight,  and  probably  of  uniform  size.  Being  unalterable  and  of  an 
invariable  weight,  called  the  atomic  weight,  union  can  only  occur 
atom  to  atom  and  in  fixed  weight.  The  equivalents  given  in  the 
table  are  supposed  to  represent  the  relative  densities  of  the  atoms 
of  different  elements.  Hence  it  will  appear  a  necessary  conse- 
quence of  this  view,  that  compounds  should  have  an  equivalent 
which  is  the  sum  of  their  atomic  weights. 

Another  consequence  of  this  theory  is,  that  bodies  combine  atom 
to  atom,  or  one  atom  to  two,  three,  four,  or  more  of  another  sub- 
stance, or  that  the  weight  of  any  component  must  be  a  simple  mul- 
tiple of  its  equivalent  or  atomic  number.  The  atomic  weight  of 
oxygen  is  usually  taken  as  8,  and  this  body  is  present  in  dif- 
ferent compounds  in  the  weight  of  16,  24,  32,  40,  48,  but  never 
in  other  proportions.  These,  it  will  appear,  are  simple  multiples 
of  8,  and  represent  2,  3,  4,  5,  6  atoms.  A  second  series,  in  which 
two  atoms  of  a  body  combine  with  three,  five  or  seven  of  another, 
is  also  possible,  and  such  compounds  are  known  in  chemistry. 
1  12* 
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The  laws  of  combination,  therefore,  flow  from  the  atomic 
theory,  and  are  remarkably  simple  for  inorganic  or  mineral  matter, 
in  which  there  are  seldom  more  than  five  to  seven  atoms  of  any 
element  present.  There  are  but  two  series  in  which  bodies 
unite. 

1st.   1  atom  of  A  to  1,  2,  3,  4,  5,  6,  7  atoms  of  B. 

2d.  2  atoms  of  A  to  1,  2,  3,  4,  5,  6,  7  atoms  of  B. 

The  fixedness  of  the  weight,  and  the  equivalent  of  the  com- 
pound body,  result  from  the  hypothesis  that  the  indivisible  atoms 
have  certain  weights. 

In  organic  compounds,  these  simple  numbers  do  not  obtain, 
for  some  bodies  have  several  hundred  atoms,  but  with  the  excep- 
tion of  complexity,  there  is  nothing  in  their  history  opposed  to 
the  atomic  theory. 

Symbols  for  Compound  Bodies. — The  abbreviations  employed 
in  treating  of  the  elements,  are  particularly  useful  in  writing  the 
composition  of  compound  and  organic  substances.  For  this 
purpose  several  styles  are  employed. 

When  the  substance  consists  of  two  elements,  or  is  of  a  binary 
form,  the  electro-positive  body  (or  metal  M)  is  placed  on  the 
left  hand,  and  the  electro-negative  (or  radical  R)  is  placed  to  the 
right  hand.     Thus : 

M.  R. 

If  the  metal  be  copper,  and  the  radical  oxygen,  it  is  written 
CuO. 
In  these  cases,  one  atom  is  always  indicated  by  the  capital  stand- 
ing alone  ;  if  there  be  more,  the  number  must  be  placed  on  the 
right  and  below,  thus  : 

Cu20. 

In  any  compound,  all  the  elements  present  are  introduced,  with 
figures  to  represent  the  number  of  each ;  the  elements  being  placed 
from  the  right  to  the  left  hand,  in  the  order  of  their  electro-posi- 
tive power.     The  following  is  the  formula  for  starch  : 

.  C12H10O10- 

The  parenthesis  is  occasionally  used  to  distinguish  the  state 
in  which  some  of  the  elements  are  united.  In  the  annexed  for- 
mula, the  substance  in  the  parenthesis  has  the  relation  of  a 
compound  base  to  that  placed  exteriorly  : 

(C4H5)0. 

It  represents  the  structure  of  ether,  which,  according  to  this 
plan,  consists  of  two  distinct  parts,  a  compound  base  C4H5  = 
ethyle,  united  with  oxygen,  which  is  neither  the  only  body  with 
which  it  forms  compounds,  nor  is  it  immovable  from  its  position. 
A  modification  of  this  is  employed  when  the  compound  base  ex- 
ists in  several  proportions  : 

2(C4H5)  and  3(C4H3) ; 
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the  numbers  2  and  3  here  do  not  affect  any  term  of  the  formula, 
except  that  in  the  parenthesis. 

A  comma  is  employed  to  designate  the  combination  of  two 
compound  bodies.     Thus : 

(C4H5)0,HO 
indicates  that  the  HO  (hydrogen  and  oxygen,  or  water),  is  united 
with  the  compound  base  more  feebly  than  the  O  or  oxygen. 
This  formula  represents  alcohol,  or  the  hydrated  oxide  of  ethyle. 
If  the  affinity  between  the  compounds  be  feeble,  we  use  -f- 
(plus)  between  the  terms,  as 

SO3+HO. 
A  vinculum  or  band  is  employed  to  indicate  that  the  symbol 
does  not  belong  to  the  table  of  elements,  but  to  an  organic  com- 
pound.    Thus 

T  P7  C 

represent  three  well  known  organic  bodies.     The  T  being  tartaric 
acid,  the  Pr  proteine,  and  the  C  citric  acid. 

Sometimes  we  find  the  same  term  placed  before  and  after  a 
formula.     Thus, 

3 (HO),  P05 

CaO  ,  HO. 

In  the  first,  the  HO  (water)  acts  the  part  of  a  base  to   the  P05, 

which  is  phosphoric  acid;  in  the  second,  the  HO  acts  the  part  of 

an  acid  to  the  CaO  or  lime. 

The  sign  =  indicates  equality :  thus, 

C4H602  =  (C4H5)0  ,  HO 
indicates  that  the  first  is  identical  with  the  second,  which  is  the 
theoretical  or  rational  formula. 


NOMENCLATURE. 

Nothing  has  served  to  advance  the  science  of  chemistry  more 
than  an  accurate  nomenclature.  The  names  of  compounds  are 
formed  by  rule,  and  not  at  the  option  of  the  discoverer,  and  make 
known  to  every  one,  the  bodies  present,  and  the  number  of  atoms 
of  each  ingredient.  The  laws  of  nomenclature  are  exceedingly 
simple,  and  are  as  follows: 

1.  The  names  of  elementary  bodies  are  those  by  which  the 
substances  are  best  known,  as  Copper,  Iron,  Lead ;  but  when  a 
new  body  is  discovered  belonging  to  this  class,  it  is  to  be  called 
by  a  name  compounded  of  two  Greek  or  Latin  words,  represent- 
ing its  most  remarkable  properties,  or  by  the  name  of  the  mineral 
from  which  it  is  procured.  It  is  wrong  to  call  the  new  element 
by  the  name  of  a  man  or  country,  for,  in  this  way,  no  informa- 
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tion  is  imparted,  of  chemical  interest.  The  most  important  bodies 
of  chemistry  are  well  named;  thus  oxygen,  formed  from  Greek 
words  signifying  I  generate  an  acid,  indicates  that,  according  t0 
the  views  of  the  author,  it  is  the  principle  of  acidification.  Hy- 
drogen comes  from  I  form  water,  because  it  exists  in  that  fluid. 
2d.  In  a  substance  containing  two  elements,  {binary,}  the 
names  of  both  are  introduced ;  the  electro-negative  body  being 
written  first,  and  terminating  in  ide,  if  it  be  a  base;  or,  if  the  com- 
bination be  of  two  metallic  bodies,  the  most  active  is  put  first, 
and  ends  in  uret. 

Thus,  a  basic  compound  of  oxygen  with  iron,  is  termed  an 
oxide  of  iron. 

Oxygen  becomes  Oxide 

Chlorine       "        Chloride 

Iodine  "        Iodide 

Bromine       "        Bromide 

Sulphur        "        Sulphide 

Cyanogen     "        Cyanide. 

Sulphur  is  frequently  written  sulphur et ;  so  is  selenium,  se/e- 
nuret;  phosphorus,  phosphuret ;  but  the  terminations  should  be 
in  ide,  as  suggested  by  Dr.  Hare. 

Hydrogen,  Carbon,  Arsenic,  and  Antimony,  are  the  principal 
metallic  bodies  which  combine  with  other  metals,  and  are  ren- 
dered— 

Carbon  —         Carburet 

Arsenic  —         Arseniuret 

Antimony       —         Antimonuret 

Hydrogen       —         Hyduret 

Nitrogen         —         Nituret. 

Compounds  of  mercury  with  metals  are  termed  amalgams;  com- 
binations of  the  common  metals  alloys. 

3d.  If  the  amount  of  the  electro-negative  body  be  more  than  one 
atom,  and  the  substance  basic,  it  is  designated  by  the  Greek 
words,  protos,  first;  deuteros,  second;  tritos,  third;  as 

Protoxide  of  iron,  or  first  oxide  of  iron,  FeO. 

Deutoxide  of  manganese,  or  second  oxide  of  manganese, 
MnO?. 

Tritoxide  of  iron,  or  third  oxide  of  iron,  Fe03. 

The  contraction  of  the  numerals  follows  the  ordinary  laws  of 
composition.     We  write. 

Deutiodide — Tritochloride — Protosulphuret. 

But,  in  many  cases,  it  is  not  certain  that  the  compound  con- 
tains two,  three,  or  more  atoms  of  the  electro-negative ;  and  the 
comparative  terms,  per  for  the  highest  amount,  and  sub  for  the 
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lowest,  are  used.  We  have,  therefore,  the  per-oxide,  per-chloride, 
and  sub-oxide,  sub-chloride. 

Sesqui  (one  and  a  half)  is  likewise  employed  to  signify  that 
the  atoms  of  the  electro-negative  bear  the  ratio  of  1 5  to  1  of  the 
metal,  or  of  3  to  2.  We  have  the  sesqui-oxide  of  iron,  Fea03; 
sesqui-sulpharet  of  arsenic,  As2S3. 

It  is  to  be  observed  that  this  law  is  often  violated,  and  the 
Latin  terms  bis,  twice;  ter,  three  times,  &c,  employed  in  the 
place  of  the  Greek  words. 

Thus  Binoxide  is  often  used  for  Deutoxide 

Bichloride  "  Deutochloride 

Teroxide  "  Tritoxide 

Terchloride  "  Tritochloride. 

4th.  When  the  number  of  atoms  of  the  metal  are  in  excess 
over  the  electro-negative,  it  is  indicated  by  employing  the  terms 
dis,  twice ;  tris,  three  times ;  and  thus,  the  Dioxide  of  Copper  is 
a  body  in  which  there  are  two  atoms  of  copper  united  with  one 
of  oxygen,  or  Cu20. 

5th.  When  the  binary  compound  has  acid  properties,  the  name 
of  the  electro-positive  element  is  terminated  in  ous  or  ic.  The  first 
is  used  where  there  are  two  acids — the  other  containing  more  of 
the  electro-negative ;  if  there  be  but  one  acid,  it  is  terminated  in  ic. 
Thus  sulphur  forms  two  strong  acids  with  oxygen — the  one  con- 
taining least  oxygen  is  called  Sulphurous  acid;  the  second,  Sul- 
phicric  acid.  We  have  also  Nitrous  and  Nitric  acids;  Phos- 
phorous and  Phosphoric  acids. 

Sometimes  more  than  two  acids  are  formed  by  the  union  of 
one  electro-positive  with  an  electro-negative  body,  then  the  com- 
parative terms  hypo  below,  and  hyper  above,  are  employed. 
We  have  a  hypo- sulphur  ous  acid,  which,  as  the  name  indicates, 
contains  less  oxygen  than  the  sulphurous  acid.  We  have  also 
the  hypermanganic  acid,  and  hyperchloric  acid,  which  severally 
contain  more  of  the  electro-negative  body  (oxygen)  than  the  man- 
ganic and  chloric  acids. 

Five  sets  of  acids  may,  therefore,  exist: 

A  hypo  acid  in  ous,  as  the  hyposulphurous  acid,  S202. 

A  hypo  acid  in  ic,  as  the  hyposulphuric  acid,  S206. 

An  acid  in  ous,  as  the  nitrous  acid,  N04. 

An  acid  in  ic,  as  the  phosphoric  acid,  P05. 

An  acid  in  hyper,  as  the  hyperchloric  acid,  C107. 

6th.  The  compound  formed  by  an  acid  and  base  is  called  a 
salt.  But  as  there  are  five  acids,  there  will  be  five  series  of  salts, 
and  these  are  distinguished  by  terminatiitg  the  acids  of  ous  in  ite, 
and  the  acids  of  ic   in  ate.     In  writing  the  name  of  the  salt,  if 
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there  be  one  atom  of  either  component,  the  acid  with  its  nppro- 
priate  termination  is  placed  first,  and  the  metal  second,  if  it  be  a 
protoxide.  Thus  :  Sulphate  of  iron  means  a  compound  of  sul- 
phuric acid  with  protoxide  of  iron,  for  there  is  no  such  substance 
as  the  sulphate  of  metallic  iron.  The  acids  of  salts  are,  therefore, 
written — 

HyposulphiVe 

Hyposulpha/e 

Nitn'/e 

Phosphate 

Hyperchlorate. 

The  salts  being  termed  Hyposulphite  of  Soda,  Nitrite  of  Pot- 
ash, Phosphate  of  Iron,  Hyperchlorite  of  Potash,  $c. 

Some  authors  write  protosulphate,  protophosphate,  to  indicate 
that  it  is  the  protoxide  of  the  metal  which  is  combined  with  one 
atom  of  the  acid.  Others,  nitrate  of  the  protoxide ;  but  this  is  not 
necessary. 

7th.  If  there  be  more  than  one  atom  of  the  acid,  the  Latin 
terms  bis,  twice;  tris,  three  times,  &c,  are  employed,  as  Bhul- 
phate.  of  potash,  Bicarbonate  of  soda,  &c. 

In  these  cases,  the  compound  is  called  a  supersalt,  to  distinguish 
it  from  the  neutral  salt  in  which  the  acid  and  base  are  combined 
equally,  and  the  subsalt  in  which  the  base  preponderates.  But 
it  is  to  be  remarked,  that  many  acids,  especially  those  of  organic 
chemistry,  are  pohjbasic,  or  have  the  power  of  saturating  two  or 
more  atoms  of  base.  Such  are  phosphoric,  tartaric,  citric,  and 
other  acids.  Those  which  saturate  two  atoms,  are  called  bibasic, 
those  which  can  combine  with  three  atoms,  as  phosphoric  acid, 
tribasic. 

8th.  If  the  oxide  of  the  base  be  not  a  protoxide,  but  a  deutox- 
ide,  tritoxide,  &c,  the  terms  deutos,  tritos,  sesqui,  &c,  are 
placed  before  the  name  of  the  acid.     As 

Deutosulphate         —         Tritosulphate 
Scsquisulphate        —         Persulphate. 
Compounds  of  this  kind  are   not,  however,  numerous,  the  pro- 
toxide being  the  active  base  in  most  cases. 

Failure  of  the  Nomenclature. — The  foregoing  nomenclature 
is  all  that  can  be  wished  for  most  inorganic  compounds,  which 
seldom  contain  more  than  five  elements,  or  unite  in  proportions 
exceeding  five  to  seven  atoms.  We  are  enabled,  by  means  of  it,  to 
attain  the  chemical  history  of  the  substance  by  inspection.  Take 
the  nitrate  of  lead  as  an  illustration  ;  we  discover  from  the  word 
nitrate  that  the  element  nitrogen  is  the  electro-positive  constituent 
of  the  acid,  and  that  it  is"  the  most  oxygenized  acid  from  the  ter- 
mination in  ate,  or  that  the  nitric  acid  is  present ;  the  other  terra 
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also  informs  us  that  the  base  is  a  protoxide  of  lead,  for  otherwise 
it  would  be  called  the  deut oxide  or  deulonitrate. 

But  in  organic  compounds,  which  contain  many  hundred  atoms, 
this  nomenclature  is  altogether  inapplicable.  Fibrine,  an  import- 
ant component  of  plants,  and  a  constituent  of  blood  has  the  for- 
mula C4Sn,H36n,N60,OM0+SP  or  1042  atoms;  it  would  be  impos- 
sible to  describe  this  by  any  name  which  included  the  elements 
and  their  number  of  atoms.  In  such  cases,  a  contraction  is  used  for 
a  part  of  the  formula,  wherever  it  can  be  shown  that  the  elements 
are  not  united  by  the  same  force.  In  the  above,  the  +  sign  indi- 
cates that  the  P  and  S  (phosphorus  and  sulphur)  are  feebly  com- 
bined with  the  first  part  of  the  formula.  By  distinct  researches, 
the  first  part  is  found  to  unite  with  other  substances  in  the  number 
of  atoms  given  above,  and  also  in  one-tenth  these  numbers  ;  or 
that  there  is  a  body  consisting  of  C48,H36,N6,Ol4,  and  this  unites 
with  oxygen,  chlorine,  &c,  or  10  times  this,  or  fifteen  or  other 
proportions  of  it  combine  with  sulphur,  &c,  hence  it  is  called 
the  radical  of  the  compound,  and  to  distinguish  it  from  the  ele- 
mentary radicals,  it  is  called  the  compound  radical,  and  is  fur- 
nished with  a  distinct  name,  proteine,  and  symbol  Pr. 

The  introduction  of  compound  radicals  into  organic  chemistry 
has  done  more  to  advance  the  science  than  any  other  circumstance, 
by  enabling  us  to  trace  intimate  connections  between  bodies  other- 
wise widely  separated  in  properties,  and  in  some  cases  enabling  us 
to  produce  organic  changes  of  great  interest.  The  compound  radi- 
cals of  most  interesting  bodies  are  now  known,  and  they  are  all 
furnished  with  symbols,  which  greatly  facilitates  the  writing  and 
nomenclature  of  animal  and  vegetable  chemistry.  Thus  there  is 
no  apparent  connection  between  albumen,  cheese  and  fibrine,  ex- 
cept that  they  are  nutritious  bodies:  if  we  write  out  their  entire 
formula,  they  present  great  complexity  ;  but  having  discovered 
that  the  compound  radical  proteine  is  present  in  all,  and  by 
analysis  that  they  also  contain  sulphur  or  phosphorus  in  different 
proportions,  we  write  their  formulas  as  follows : 
Albumen  =  10Pr+S,P 
Fibrine  =  lOPr+SP 
Caseine  =  lOPr+S 
and  see  at  once  their  points  of  connection  and  distinction.  We 
discern  that  all  contain  10  atoms  of  the  organic,  or  compound 
radical  Pr  (proteine  =  048,H36,014,N6)  with  specific  quantities 
of  sulphur  and  phosphorus. 

Therefore  in  organic  chemistry,  we  do  not  pretend  to  employ 
the  nomenclature  given  for  minerals  ;  but  whenever  the  oppor- 
tunity occurs,  employ  a  contraction  to  express  a  compound  body, 
and  call  it  the  compound  radical.     But  if  this   unites   with  one, 
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two,  or  three  atoms  of  an  electro-negative,  as  oxygen,  chlorine, 
iodine,  cyanogen,  &c,  we  employ  the  ordinary  terms  for  bases, 
and  call  the  substance  a  protoxide,  protochloride,  deutoxide,  deu- 
tiodide  or  tritoxide.  Thus  we  have  the  deutoxide  and  tritoxide 
of  proteine.     The  oxide  of  ethyle. 

The  nomenclature  also  fails  in  isomeric  compounds.  Thus  we 
may  have  two  or  more  distinct  bodies  produced  with  the  same 
elements  in  the  same  proportions;  but  the  above  laws  direct  that 
we  should  in  the  name  unite  the  designation  of  each  element  with 
the  number  of  atoms  of  each,  and  thus  no  difference  will  appear 
in  the  name.  Four  atoms  may  be  grouped  in  different  ways, 
thus: 

A  B  C  +  D, 
A  B  +  C  D; 
and  this  may  materially  affect  the  sensible  properties.     In  such 
cases,  the  method  of  symbols  is  the  only  means  of  making  the 
difference  appear  in   writing.     This   subject  has  already  been 
alluded  to  in  the  remarks  on  Allotropism. 

Other  Theories  of  Combination. — In  the  foregoing,  it  has 
been  assumed  that  bodies  unite  atom  to  atom,  but  it  is  true  in  the 
case  of  gases  and  the  vapors  of  some  bodies  to  assume  that  they 
combine  by  volumes ;  or  that  combination  results  from  the  mix- 
ture of  substances  in  certain  weights  which  have  no  relation  to 
their  ultimate  parts  or  atoms. 

Hence  we  often  find  it  stated,  that  the  combining  volume  of  a 
gas  is  a  given  quantity,  and  that  it  unites  in  that  number  or  its 
multiple  only.  Observation  has  determined  that  the  combining 
volume  differs  for  different  gases,  according  to  the  following  table: 

TABLE  OF  THE  COMBINING  VOLUMES  OF  GASES  AND  VAPORS,  THAT  OF 
HYDROGEN  BEING   100. 

Gas  or  vapor.  Combining  volume. 

Hydrogen 100 

Nitrogen -  100 

Chlorine 100 

Iodine 100 

Bromine    ----..  100 

Carbon  (hypothetical)         -         -         -  100 

Mercury 200 

Oxygen 50 

Phosphorus  vapor      ....  25 

Arsenic  "  .         .         .         .  25 

Sulphur  «  16,66 

According  to  this  theory,  hydrogen,  nitrogen,  &c,  unite 
only  in  quantities  representing  a  volume  of  100,  200,  300,400, 
and,  as  we  know  that  these  substances  combine  according  to 
their  atomic  weights  or  equivalents,  we  would  infer  that  the 
weight  of  these  volumes  would  be  the  same  as  the  atomic  weights; 
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and  such  is  found  to  be  the  case  in  most  instances.  This  view 
of  combination,  therefore,  indirectly  sustains  the  atomic  theory. 

The  second  theory,  that  bodies  combine  in  fixed  weights, 
called  their  equivalents  or  combining  numbers,  has  already  been 
explained,  and  it  differs  in  nothing  from  the  laws  of  combination 
detailed  in  the  preceding  pages,  except  that  these  weights  are 
supposed  to  have  no  relations  to  the  atoms.  In  the  present  day, 
we  speak  of  the  union  of  one  atom  of  sulphur  with  two  atoms  of 
oxygen,  which  involves  a  recognition  of  the  atomic  theory ;  for- 
merly it  would  have  been  said  that  one  prime  or  combining  weight 
of  sulphur  united  with  twice  the  equivalent  of  oxygen,  which  does 
not  indicate  an  approval  of  the  atomic  theory.  The  numbers 
are  also  often  written  thus:  14  sulphur  +  16  oxygen,  which 
does  not  lead  us  to  infer  that  oxygen  unites  in  any  other  number, 
and  therefore  is  merely  an  experimental  fact  distinct  from  any 
hypothesis. 

In  the  present  day,  the  writings  of  chemists  are  all  based  on 
the  atomic  hypothesis,  whether  it  be  admitted  or  otherwise,  for 
without  this,  the  system  of  symbols  would  be  useless:  C2H206 
are  terms  indicating  that  there  are  2,  4,  or  6  definite  amounts  of 
carbon,  hydrogen,  and  oxygen.  If  we  would  write  on  the  view 
that  the  compound  takes  place  in  given  weights  only,  we  should 
have  to  express  the  above  differently,  as  carbon  12  parts  -f-  hy- 
drogen 4  parts  +  oxygen  48  parts,  which  gives  no  information 
of  other  compounds  of  these  elements. 


§  3.    RESULTS  OF  THE  CHEMICAL  FORCE. 

The  chemical  force  is  essentially  a  molecular  force ;  it  acts  by 
setting  in  motion  the  atoms  or  ultimate  particles  of  bodies,  and 
arranging  them  in  a  new  order.  Whether  heat,  light,  &c,  be 
evolved  during  this  process,  will  be  dependent  on  the  resistance 
and  other  properties  of  the  matter  and  ether,  and  does  not  flow  as 
a  necessary  consequence  of  the  operations  of  this  force.  Increase 
of  density,  the  elastic  state  and  other  physical  changes,  are  also  of 
a  partial  nature,  and  peculiar  to  certain  substances.  But  a  new 
molecular  arrangement  is  a  necessary  consequence  of  chemical 
action.  We  do  not  pretend  to  know  what  imparts  to  substances 
the  sweet,  sour,  or  neutral  taste,  but  may  infer  with  some  plausi- 
bility that  these  are  consequences  of  the  grouping  of  the  atoms. 
We  know  that  there  exists  a  tasteless  and  sapid  variety  of  sugar, 
a  soluble  and  insoluble  form  of  gum,  and  in  both  instances  the 
kind  and  number  of  atoms  are  similar;  the  difference  between 
them  being  probably  due  to  dissimilarity  of  grouping,  under  the  in- 
fluence of  the  chemical  force.  So,  again,  we  know  that  the  mole- 
13 
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cular  arrangements  called  crystals,  sometimes  have  their  figures 
changed  by  the  presence  or  absence  of  heat  during  their  aggrega- 
tion. 

The  three  most  remarkable  molecular  effects  of  the  chemical 

force,  are 

Determinate  crystalline  figure  ; 

The  production  of  groups  and  types  ; 

Catalysis. 


C  RYSTALLIZ  ATION. 

Those  solids  which  have  regular  geometrical  figures  are  called 
crystals,  to  distinguish  them  from  mere  shapeless,  or  amorphous 
masses.  The  crystals  may  be  separate,  and  their  facets  and  angles 
apparent,  or  confused  together,  or  hidden  as  in  ice  and  several 
metals.  In  the  latter  tfases,  they  may  be  separated  by  breaking  or 
cleaving  the  crystalline  mass  in  the  direction  of  its  facets.  The 
crystals,  when  examined  more  attentively,  are  found  to  be  sym- 
metrical in  all  their  parts,  so  that  the  minutest  portion  as  well  as 
the  mass  presents  a  certain  figure. 

The  crystal  is  characteristic  of  the  elements  present,  or  of  cer- 
tain groups  of  elements,  and  the  nature  of  their  union.  Hence, 
in  mineralogy,  the  figure  of  a  substance  enables  us  in  many  cases 
to  determine  its  components. 

To  obtain  crystals,  it  is  necessary  that  the  solution  in  which 
the  chemical  changes  have  transpired,  be  evaporated,  or  the  solv- 
ent removed,  so  that  the  atoms  may  obey  the  force  which  de- 
termines their  aggregation.  Otherwise  they  are  solicited  by  the 
capillary  force,  and  diffuse  themselves  in  the  liquid,  producing  a 
solution.  Fine  crystals  are  procured  by  slow  evaporation;  when- 
ever they  are  hurriedly  formed,  they  are  imperfect.  Besides  eva- 
poration, crystals  are  formed  by  long-continued  galvanic  action, 
by  cooling  from  fusion  or  hot  solutions,  or  by  the  refrigeration  of 
some  vapors.  The  finest  crystals  in  nature  are  produced  by  long- 
continued  electrical  currents. 

In  determining  the  form  of  a  crystal,  we  are  not  so  much  in- 
fluenced by  the  number  of  faces  as  by  the  angles  which  they 
form  with  one  another,  and  the  relations  of  their  axes.  Every 
crystal  has  three  or  more  axes,  one  of  which  is  a  straight  line, 
passing  from  above  to  the  lower  side,  and  called  the  principal 
axis;  and  the  others,  passing  from  side  to  side,  are  called  the 
secondary  axes.  The  figure  of  the  crystal  depends  upon  the 
lengths  of  these  axes  and  their  angle  to  one  another. 

There  are  six  systems  of  crystals  recognized  in  the  works  on 
crystallography. 
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1.  The  regular  system. 

2.  The  square  prismatic  system. 

3.  The  right  prismatic  system. 

4.  The  oblique  prismatic  system. 

5.  The  doubly  oblique  prismatic  system. 

6.  The  rhombohedral  system. 

1st.  The  Regular  System. — In  this  class  there  are  three  equal 
axes,  all  of  which  are  at  right  angles  to  each  other.  It  contains 
(Fig.  40)  the  cube,  1 ;  the  regular  octahedron,  2 ;  and  the  rhombic 
dodecahedron,  3. 

Fig.  40. 


The  letters  a — a,  in  the  above  figures,  represent  the  points 
between  which  the  three  axes  pass.  These  are  very  common 
forms  of  crystal ;  the  diamond,  most  metals,  alum,  fluor  spar,  com- 
mon salt  and  the  garnet,  furnish  instances. 

2d.  The  Square  Prismatic  System. — The  principal  or  per- 
pendicular axis  a — a,  is  in  this  class  longer  than  the  other  two 
b — b,  which  are  equal;  but  the  whole  are  at  right  angles  to  each 
other.  The  most  important  forms,  are :  1,  the  right  square  prism, 
with  the  secondary  axes  b — b,  passing  from  face  to  face ;  2,  the 
right  square  prism,  with  the  secondary  axes  passing  between 
the  lateral  angles;  3,  the  right  square  based  octahedron,  with 
the  axes  as  in  1 ;  4,  the  right  square  based  octahedron,  with 
the  secondary  axes,  as  in  2. 

Fig.  41. 
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The  zircon,  yellow  prussiate  of  potash  and  native  oxide  of  tin, 
furnish  examples. 

3d.  The  Bight  Prismatic  System. — In  this  class,  there  are 
three  axes  of  unequal  lengths  a — a,  b — b,  c — c,  but  placed  at  right 
angles  to  each  other.  The  chief  forms  are  :  the  right  rectangu- 
lar prism,  1,  Fig.  42;  2,  the  right  rhombic  prism  ;  3,  the  right 
rectangular-based  octahedron;  and,  4,  the  right  rhombic-based 
octahedron. 


Nitrate  and  sulphate  of  potash,  sulphur  crystallized  at  a  low 
heat,  and  arsenical  sulphuret  of  iron,  furnish  illustrations  of  this 
system. 

4th.  The  Oblique  Prismatic  System. — In  this  class,  there  are 
three  axes,  all  of  which  are  sometimes  unequal.  The  two  lateral 
or  secondary  axes,  b — b,  c — c,  are  at  right  angles  to  one  another, 
whilst  the  primary  axis  a — a  is  perpendicular  to  one  of  them, 
and  oblique  to  the  other.  The  four  figures  of  Fig.  43  belong  to 
this  system:  1  is  the  oblique  rectangular  prism;  2,  the  oblique 
rhombic  prism;  3,  the  oblique  rectangular-based  octahedron; 
4,  the  oblique  rhombic-based  octahedron. 


There  are  numerous  illustrations  of  this  system ;  the  carbonate, 
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sulphate   and  phosphate  of  soda,  bihorate   of  soda,  sulphate  of 
iron,  and  sulphur  crystallized  by  fusion,  offer  instances. 

5th.  The  Doubly  Oblique  Prismatic  System. — The  charac- 
teristics of  this  system  are,  the  obliquity  of  all  the  three  axes,  and 
their  difference  in  length.  The  crystals  have  the  appearance  of 
great  irregularity  in  consequence  of  this  want  of  uniformity. 
The  figure  represents  four  species :  1  is  the  doubly  oblique 
prism,  with  the  secondary  axes  b — b,  c — c,  proceeding  from  the 
sides;  2,  another  form  of  doubly  oblique  prism,  with  the  secon- 
dary axes  proceeding  from  the  angles;  3  and  4  are  correspond- 
ing doubly  oblique  octahedra. 


To  this  system  belong  the  crystals  of  sulphate  of  copper  or 
blue  vitriol,  quadroxalate  of  potash,  and  nitrate  of  bismuth. 

6th.  The  Rhombohedral  System. — The  characteristics  of  this 
class  are  striking ;  there  are  four  axes,  the  three  lateral  or  secondary 
of  which  are  equal  in  the  same  plane,  and  form  an  angle  of  60° 
with  each  other;  the  fourth,  or  principal  axis,  is  unequal  and  per- 
pendicular to  the  plane  of  the  other  three.  To  this  class  belong: 
1,  the  regular  six-sided  prism;  2,  the  quartz  dodecahedron,  or 
dodecahedron  with  regular  triangular  facets;  3,  the  rhombohe- 
dron;  4,  the  triangular  faced  dodecahedron,  with  scalene  an- 
gles. 

Fig.  45. 
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SECONDARY  CRYSTALLINE  FORMS. 


This  is  a  very  numerous  and  important  system  ;  quartz,  arsenic, 
antimony,  nitrate  of  soda,  ice  and  calcareous  spar,  furnish  familiar 
illustrations. 

Causes  disturbing  the  figure  of  the  Crystal. — In  the  fore- 
going illustrations,  we  have  presented  the  perfect  forms  belonging 
to  each  system.  To  obtain  them  in  this  state  of  perfection,  the 
deposition  of  the  solid  must  be  very  uniform,  and  it  is  found  that 
a  mild  and  equable  temperature  with  darkness  is  conducive  to 
this  end.  If  the  density  of  the  solution  in  which  they  are  forming, 
or  the  temperature  of  its  parts,  be  variable,  an  excess  of  deposit 
will  take  place  on  certain  facets,  and  thus  the  figure  may  be  made 
to  differ  considerably  from  the  primary  form.  But,  however 
complex,  the  secondary  or  derived  crystal  will  belong  to  the  same 
system,  the  relations  of  the  axes  in  direction  and  length  being 
maintained  in  the  case  of  every  departure  from  the  primary.  The 
figure  (46)  represents  a  common  case  of  irregular  deposition,  by 
which  the  cube  1  has  its  angles  bevelled  or  replaced,  which  action 
becoming  more  considerable,  converts  it  into  the  dodecahedron 
with  rhomboidal  facets  2,  and  becoming  excessive,  changes  it  into 
the  octahedron  with  truncated  angles  3.  It  will  be  perceived  that 
all  of  these  belong  to  the  regular  system  of  crystallization,  and 
the  cube  may  be  often  derived  by  cleavage  from  the  modified 
solid. 

Fig.  46. 
]  2  3 


The  series  of  changes  may  go  so  far  as  to  develope  only  half 
the  crystal,  so  that  a  half-sided  or  hemihedral  crystal  is  produced, 
the  deposition  being  on  alternate  facets,  instead  of  taking  place  on 
every  side.  The  tetrahedron  is  in  this  way  derived  from  the 
regular  octahedron,  as  represented  in  the  figure  (47),  in  which  1 


Fig.  47. 
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represents  a  modified  octahedron,  four  of  the  sides  being  much 
more  developed  than  the  other  four;  2  indicates  a  still  further 
inequality  of  deposition ;  and  3  shows  the  resulting  tetrahedron, 
in  which  the  four  small  sides  are  altogether  obliterated. 

The  influence  of  heat,  when  considerable,  even  alters  the  sys- 
tem to  which  the  crystal  belongs.  Thus  sulphur  is  found  in  two 
forms,  as  an  octahedron  with  rhombic  base  when  obtained  at  low 
temperatures,  and  as  an  oblique  prism  belonging  to  the  fourth 
class  when  procured  by  fusion.  Carbonate  of  lime  crystallized 
at  a  low  temperature  has  the  rhombohedral  form,  but  formed  at 
the  boiling  point  of  water,  it  takes  the  figure  of  a  right  rhombic 
prism.  The  diamond  and  other  substances  evince  the  same 
tendency  to  crystallize  in  two  incompatible  forms.  Such  bodies 
are  termed  dimorphous.  It  is  probable  that  other  agents  besides 
heat  have  considerable  influence  in  altering  the  crystalline  figure, 
for  we  know  that  phosphorus,  which  is  amorphous,  becomes  beau- 
tifully crystallized  when  exposed  to  the  sun's  light. 

Relation  between  the  Crystalline  Form  and  the  Constitution 
and  Properties  of  Bodies. — Isomorphism. — Professor  Mitscher- 
lich  was  the  first  to  point  out  the  close  chemical  relation  often 
existing  between  bodies  which  have  a  similar  crystalline  figure. 
This  is  especially  true  with  those  belonging  to  the  2d,  3d,  4th 
and  5th  systems,  the  first  and  sixth  containing  so  many  objects, 
that  it  is  difficult  to  trace  any  chemical  connection  amongst  them. 
Hence  similarity  of  figure  is  not  necessarily  associated  with 
chemical  constitution. 

The  relationship  discovered  by  studying  the  geometrical  forms 
of  a  number  of  bodies,  was  found  to  subsist  between  many  sub- 
stances which  were  not  crystalline.  Thus  it  appeared  that  the 
substitution  of  bromine  or  iodine  in  a  compound  could  be  effected 
by  chlorine,  which  is  a  gaseous  substance,  and  the  resulting  body 
still  retain  its  crystalline  form.  Hence  many  elementary  bodies 
are  termed  isomorphous  which  have  no  direct  relationship  in  their 
figure,  but  produce  compounds  which  have  a  crystalline  simi- 
larity. 

The  doctrine  of  isomorphism  is  not  limited  to  the  fact  that 
when  two  crystals  belonging  to  the  2d,  3d,  4th  or  5th  systems, 
are  examined  and  found  to  agree,  we  are  in  a  measure  assured  of 
a  similar  constitution,  or  that  if  the  one  contain  two  or  three 
atoms,  the  second  will  likewise  contain  two  or  three  atoms,  but 
it  also  establishes  a  relationship  between  the  elements  or  com- 
pounds present,  which  can  be  traced  through  numerous  instances; 
and  lastly,  it  leads  us  to  infer  that  one  isomorphous  body  may 
replace  in  part  or  in  whole,  another.  Hence  the  crystal  is  no 
longer  an  absolute  test  of  the  substances  present,  for  it  may  be 
compounded  of  every  isomorphous  substance  without  change  of 
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form.  The  following  is  a  striking  instance :  common  crystalline 
alum  is  a  double  salt,  consisting  of  four  atoms  of  sulphuric  acid 
with  one  of  potash,  one  of  alumina  and  twenty-four  of  water,  the 
formula  of  which  is: 

KO,S03+ A1203,3(S03)  +24(HO). 

In  this  list  of  substances,  the  potash  (KO)  is  isomorphous  with 
soda  (NaO),  with  ammonia  (oxide  of  ammonium  AmO),  and 
other  bodies;  the  sulphuric  acid  (S03)  is  isomorphous  with  the 
chromic  acid  (Cr03),  the  selenic  acid  (Se03),  and  manganic 
acid  (Mn03) ;  the  alumina  (A1203)  is  also  isomorphous  with 
peroxide  of  iron  (Fe203),  sesquioxide  of  manganese  (Mn203), 
arid  sesquioxide  of  chrome  (Cr203).  It  will  be  perceived  that  the 
bases  and  acids  enumerated  have  a  similarity  of  constitution,  and 
experimentally  they  are  known  to  act  as  substitutes  for  one  an- 
other. 

Hence  a  crystalline  body  having  the  figure,  and,  in  most 
cases,  similar  properties  to  alum,  may  be  made  up  of  any  or  all 
the  above  substances.  The  sulphuric  acid  may  be  in  part  or 
entirely  substituted  by  the  selenic,  manganic  or  chromic  acids,  or 
some  of  each  may  be  present.  So  the  crystal  may  contain  pot- 
ash, soda,  oxide  of  ammonium,  iron,  alumina,  manganese,  &c, 
for  its  bases.  The  following  varieties  of  alum  can  be  made 
artificially : 

Potash  alum        =  KO,S034-Al203,3(S03)4-24(HO) 
Soda  alum  =  Na0.SO3-|-Al2O3,3(SU3)-f24(H0) 

Ammonia  alum  =  Am0,SO3+Al2O3,3(SU3)+24(H0) 

Iron  alum  =  AmO    5  '  SOs+Fe2Os,3(S08)+24HO 

Chrome  alum      =^0    >  ,  S03-fCr203,3(S03)-l-24HO. 

After  this  it  will  appear  that  there  is  a  close  connection  between 
figure  and  chemical  history,  and  that  a  crystalline  form  expresses 
nothing  except  that  its  components  belong  to  a  certain  group  of 
isomorphous  bodies,  and  are  combined  according  to  certain  laws. 
Nor  is  the  number  of  atoms  present  always  similar  in  the  for- 
mula given  for  the  alums ;  it  will  be  seen  that  the  bodies  which 
substitute  the  alumina  (A1203)  and  sulphuric  acid  (S03)  have  a 
similar  structure,  namely,  two  atoms  of  metallic  element  to  three 
of  oxygen  in  the  first,  and  one  atom  of  sulphur  or  other  element 
with  three  of  the  electro-negative;  but  the  oxide  of  an^raonia, 
which  replaces  and  is  isomorphous  with  the  potash  (kO)  and 
soda  (NaO),  has  the  structure  NH4,0,  and  contains  six  atoms, 
whilst  they  have  but  two  each.  Other  cases  of  this  natuie  occur; 
thus  one  atom  chlorine  (CI)  may  be  replaced  by  Mn20;  two 
atoms  of  lime  (CaO),  or  the  compound  (CaO,HO)  hydrate  of 
lime  containing  four  atoms,  are  isomorphous,  and  capable  of  taking 
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the  place  of  one  equivalent  of  potash  (KO)  in  a  crystal,  or  of  oxide 
of  ammonia,  which  contains  six  atoms. 

Another  peculiarity  of  isomorphism  is  worthy  of  consideration, 
and  calculated  to  impress  the  conviction  that  the  manner  and 
number  in  which  the  electro-positive  and  electro-negative  bodies  of 
a  compound  unite,  have  much  to  do  with  the  resulting  figure,  al- 
though it  does  not  afford  a  complete  explanation  of  the  mystery. 
There  are  a  few  cases  of  combination  in  the  proportion  of  one 
atom  of  an  electro-negative  to  seven  of  an  electro-positive  ele- 
ment; they  offer  a  striking  group,  and  are  all  isomorphous.  The 
perchloric  acid  (C107) ;  periodic  acid  (IO-)  ;  and  permanganic  acid 
(Mn207)  belong  to  this  remarkable  family.  Iron  and  some  other 
metals  form  two  basic  compounds ;  in  one,  the  metal  is  combined 
with  an  equivalent  (FeO)  ;  in  the  other  two,  atoms  of  iron  unite 
with  three  of  oxygen  (Fe203)  ;  now  these  bases  belong  to  dif- 
ferent groups,  and  either  with  one  that  has  a  similar  structure. 
Thus  FeO  is  associated  with  MgO  (magnesia) ;  CuO  (oxide  of 
copper) ;  ZnO  (oxide  of  zinc),  &c;  whilst  Fe203  is  allied  with 
A1203  (alumina) ;  Cr203  (sesquioxide  of  chrome),  and  others  of 
the  same  kind.  In  the  following  table  of  the  most  common  iso- 
morphous compounds  (acids  and  bases),  this  truth  will  be  ren- 
dered more  apparent. 


TABLE  OF  ISOMORPHOUS  COMPOUNDS. 


Names. 


Symbols. 


Potash 

.    KO 

Soda 

.    NO 

Oxide  of  ammonium 

.     AmO 

Hydrate  of  lime 

.     CaO,HO 

Oxide  of  Silver 

.     AgO 

BASES. 

Group  1. 

Remarks. 
Potash  and  oxide  of  ammonium  are 
truly  isomorphous,  not  only  in  their 
compounds,  but  in  their  action  as 
salts  towards  other  saline  bodies, 
forming  double  salts,  which  are  also 
isomorphous.  Oxide  of  silver  is  as- 
sociated with  soda  to  a  considerable 
extent.  The  hydrate  of  lime  is  re- 
lated to  potash. 


Group  2. 


Magnesia 

Lime  (the  rhombohedral 

MgO 

form) 
Protoxide  of  iron  . 

CaO 

FeO 

"      '\"    manganese 

MnO 

"        /*    zinc 

ZnO 

"        ■/[   cobalt 

CoO 

"        J[    nickel 

NiO 

"         "    copper 

"         "    cadmium  . 

CuO 
CdO 

The  protoxide  of  lead  may 
also  belong  to  this  group  PbO 


These  bases  form  salts,  which, 
when  in  the  same  degree  of  satura- 
tion, and  with  the  same  amount  of 
>■  water  of  crystallization,  have  the 
same  figure.  The  sulphates  also 
combine  with  sulphate  of  potash,  and 
form  double  isomorphous  salts. 
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Names. 

Baryta 

Strontia 

Lime 

Oxide  of  lead 


ISOMORPHOUS  GROUPS. 
Group  3. 


Symbols 

.  BaO 

.  SrO 

.  CaO 

.  PbO 


Sulphuric  acid 
Telluric  acid 
Selenic  acid 
Chromic  acid 
Manganic  acid 


S03 

Te03 

Se03 

Cr03 

MnO„ 


Remarks. 


This  is  a  highly  natural  group, 
these  oxides  occurring  frequently  as- 
sociated in  minerals.  The  lime  is  of 
the  form  in  which  it  occurs  in  arra- 
gonite. 


Group  4. 


Peroxide  of  iron  .  .  Fe203 
Sesquioxide  of  manganese  Mn203 
Sesquioxide  of  chrome  Cr2U3 
Alumina        .         •         •     A1203 


These  are  all  sesquioxides  and  iso- 
morphous,  replacing  one  another  in 
whole  or  in  part  in  the   varieties  of 
J    alum  and  other  bodies. 


ACIDS. 

Group  1. 


These  acids  contain  the  same  pro- 
portion of  base  and  oxygen,  and  from 
*  numerous    salts    which,    when  con- 
taining the  same  amount  of  water  of 
crystallization,  are  isomorphous. 


Group  2. 

~\  These  acids  are  both  tribasic,  and 

j  therefore  form  three  sets  of  salts,  all 

Phosphoric  acid      .         .     PO-              I  of  which  are  perfectly  isomorphous; 

Arsenic  acid  .         .         .     AsOs           f  they  are  also  found    replacing  one 

1  another   in  minerals,  and,  according 

J  to  Orfila,  in  the  bones  of  animals. 

Group  3. 

1        This  group  produces  isomorphous 
Perchloric  acid         .         .     C10T  !    salts;  it  also  presents  us  with  an  in- 

Permanganic  acid   .         .     Mn207        >  stance   where  two  atoms  Mn2  may 
Periodic  acid  .         .         .     I07  J    replace  one  0f  the  other  elements. 


Arsenious  acid 
Oxide  of  antimony 


Stannic  acid 
Titanic  acid 


Group  4. 

The  relations  between  arsenic  and 

fmtimony  are  very  intimate,  but  their 

As03  I    isomorphism    is    rare.     In  this  case, 

SbO,  (   the  arsenious   acid  is  in  its  unusual 

crystalline    form.     These    acids  do, 

however,  often  replace  one  another. 

Group  5. 
Sn02  )        These  are  found  combined  in  the 

Ti02  5   same  crystals  in  minerals. 
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Group  6. 
Names.  Symbols.  Remarks. 

Sulphuret  of  antimony    .     Sb03  )       _, 

Sulphuret  of  arsenic         .   .  AsO,  >       The  first  two  are   sulPhur  acids, 

Sulphuret  of  bismuth       .     Bi203         $  and  all  exist  united  in  minerals. 

Whilst  it  is  sufficiently  apparent  from  the  foregoing,  which  re- 
present the  cases  in  which  compounds  are  undoubtedly  isomor- 
phous,  that  one  substance  may  belong  to  two  groups  without 
possessing  dimorphism,  yet  there  is  such  a  striking  resemblance 
apparent  in  the  entire  combinations  of  some  elements,  that  many 
chemists  recognize  isomorphous  groups  among  elementary  sub- 
stances. Thus  we  find  chlorine,  iodine  and  fluorine,  which  have 
no  known  connection  by  form,  inasmuch  as  fluorine  has  never 
been  obtained  in  the  elementary  state,  and  chlorine  is  known  only 
as  a  gas,  remarkably  similar  in  the  numerous  compounds  they 
form  with  other  elements.  Thus  chlorine,  with  hydrogen,  forms 
an  acrid  gaseous  body  ;  so  do  iodine,  bromine  and  fluorine.  With 
similar  proportions  of  oxygen,  they  form  analogous  acids,  and 
those  relating  to  the  metals  are  similar.  But  we  find  chlorine  in 
an  isomorphous  group  with  manganese,  whilst  bromine  and  fluor- 
ine have  no  such  affinity.  So  iron  is  found  associated  at  one 
time  with  magnesia  and  copper,  and  at  another  with  alumina  and 
manganese.  There  are,  then,  great  difficulties  in  arranging  the 
elements  in  isomorphous  groups  ;  but  we  are  to  regard  the  cases 
of  discrepancy  adduced  rather  as  exceptions  to  a  law,  than  throw 
away  the  advantages  arising  from  attempting  this  classification. 
For,  if  we  can  attain  it,  the  study  of  chemistry  is  simplified  to 
an  inconceivable  extent,  as  we  learn  by  inspection  the  chemical 
history  of  a  family  of  elementary  bodies,  with  their  thousands  of 
compounds,  instead  of  having  to  investigate  each  separately,  and 
without  means  to  assist  us  in  remembering  them  by  points  of  con- 
nection. In  the  following  table,  the  elements  are  placed  in  groups, 
according  to  the  views  of  Prof.  Graham.  The  classification  is  only 
to  be  regarded  as  an  approximation  ;  but  imperfect  as  it  may  be,  it 
affords  one  of  the  most  sublime  generalizations  in  science.  Thus 
we  find  in  the  same  group  phosphorus  (P),  arsenic  (As),  antimony, 
(Sb),  and  nitrogen  (N).  Let  us  take  a  view  of  these  compounds, 
to  see  whether  this  connection  is  intimate  ;  and  first  with  oxygen, 
they  are  as  follows  : — 

P  As  Sb  N 

Pa0  «  « 

PO  AsO? 

P03  As03 

<(  c« 

P05  AsO, 


(( 

NO 

u 

N02 

Sb03 

N03 

Sb04 

NO, 

SbOs 

NO5 
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The  compound  P20  is  rather  doubtful,  and  the  fly-oxide  AsO 
has  not  been  analyzed.  In  other  respects,  the  group  presents  us 
with  striking  points  of  similarity  ;  they  all  form  powerful  acids 
with  03 ;  the  compounds  with  03  are  also  acid  except  in  the 
case  of  antimony,  which  is  a  pseudo-base ;  with  this  exception, 
none  of  the  elements  form  with  oxygen  bases  at  all.  Again,  we 
find  that  all  combine  with  three  atoms  of  hydrogen,  forming  the 
bodies  H3P,H3As,H3Sb,H3N, — all  of  which  are  pungent,  poi- 
sonous and  gaseous  bodies,  acting  the  part  of  bases.  With 
the  haloid  bodies  they  unite  in  the  proportion  of  one  atom  to 
three  and  five;  and  if  we  had  a  full  history  of  these  bodies,  we 
doubt  not  that  they  would  be  found  very  similar  in  their  proper- 
ties. With  metals  they  all  unite  as  electro-negative  substances, 
and  there  is  some  connection  between  their  equivalent  numbers. 

ISOMORPHOUS  GROUPS. 

group  1.  Strontium, 

Haloid  bodies.  Lead. 

Chlorine, 

Iodine,  group  5. 

Bromine,  Silver, 

Fluorine,  Sodium, 

Cyanogen.  Potassium, 

Ammonium. 
group  2. 
Sulphur,  group  6. 

Selenium,  Magnesium. 

Tellurium.  Manganese, 

Iron, 
group  3.  Cobalt, 

Phosphorus,  Nickel, 

Arsenic,  Zinc, 

Antimony,  Copper, 

Nitrogen.  Cadmium, 

Aluminum, 
group  4.  Cromium, 

Barium,  Calcium, 

Hydrogen  ? 

In  generalizing  on  the  subject  of  isomorphism,  it  is  not  to  be 
overlooked  that  the  electric  affinity  of  a  substance,  and  especially 
an  element,  is  not  a  fixed  property  thereof,  but  changeable,  and 
that  this  condition  is  more  influential  than  any  other  thing  in 
determining  the  replacing  action  of  a  body.  Thus  chlorine  and 
hydrogen  have,  under  ordinary  circumstances,  different  electrical 
affinities,  chlorine  being  decidedly  electro-negative,  hydrogen 
powerfully  electro-positive,  and  for  this  reason  called  a  metal. 
Yet  we  find  that  chlorine  will  frequently  take  the  place  of  hydro- 
gen in  organic  compounds,  without  disturbing  the  state  of  aggre- 
gation.   This,  we  conceive,  arises  from  the  fact  that  these  elements 
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differ  widely  in  one  allotropic  state,  and  much  less  so  in  the  other, 
or  perhaps  that  ^chlorine  may  resemble  in  its  electrical  relations 
a  hydrogen,  or  vice  versa. 

Relations  of  Isomorphism  to  Physiology  and  Therapeutics.— 
The  study  of  isomorphism  is  one  of  the  most  important  in  che- 
mistry, not  only  in  assisting  us  to  assort  the  elements  and  their 
compounds  into  families,  and  enabling  us  to  detect  impurities  in 
crystals,  &c,  but  likewise  in  pointing  out  connections  in  the 
sensible  properties  of  bodies,  in  their  substitution  in  plants  and 
animals,  and  in  their  medicinal  effects. 

Allusion  has  already  been  made  to  the  similarity  in  figure  and 
sensible  properties  of  the  group  of  alums;  these  are  all  styptic, 
and  their  constituents  obey  the  decomposing  action  of  the  same 
reagents.  In  chlorine,  iodine  and  bromine,  especially  the  two 
latter,  we  have  a  set  of  elements  existing  together  in  the  ocean, 
forming  similar  acids  and  haloid  salts,  acting  as  substitutes,  and 
so  far  as  they  have  been  employed  as  medicines,  having  the  same 
therapeutic  effects.  We  thus  infer  with  confidence  that  the 
bromide  of  potassium  is  a  substitute  for  the  iodide  of  potassium, 
(hydriodate  of  potash,)  which  has  become  very  much  more  ex- 
pensive during  the  last  k\v  years. 

In  the  vegetable  kingdom,  the  history  of  these  substances  is 
complete,  and  highly  important  to  agriculture.  Thus,  we  find  the 
oaks  and  willows,  which  are  remarkably  advanced  in  their  deve- 
lopement,  by  the  presence  of  salts  of  potash  in  the  soil,  also  bene- 
fitted by  soda,  lime  and  oxide  of  ammonium,  which  are  isomor- 
phous,  but  refusing  to  grow  where  these  are  absent.  The  potashes 
of  commerce  are  obtained  in  considerable  amount  from  inland 
oaks;  if  we  attempt  to  wash  the  ashes  of  those  grown  on  the 
sea  coast,  we  find  soda  chiefly,  because,  the  salt  being  at  hand, 
they  are  abundantly  supplied  with  that  base.  But  the  substitu- 
tion, so  far  as  is  known,  is  confined  to  the  isomorphous  bodies. 
It  is  also  to  be  remembered,  that  these  mineral  substances  are  of 
the  first  consequence  to  the  growth  of  the  plant,  which  cannot 
exist  without  them.  The  different  parts  have  different  saline  mat- 
ters, and  however  well  the  stem  may  grow,  no  fruit  will  be  formed 
unless  the  substances  appropriate  to  that  part  are  also  supplied 
by  the  earth,  or  in  manures.  The  economy  and  substitution  of 
manures,  therefore,  depend  on  the  isomorphism  of  the  saline 
bodies. 

The  therapeutic  effects  of  many  compounds  are  also  connected 
with  their  isomorphous  relations.  The  sulphates  of  copper,  zinc 
and  iron,  are  active  emetics  in  the  dose  of  twenty  grains,  and 
efficient  tonics  in  small  doses.  Many  salts  of  potash,  soda  and 
oxide  of  ammonium,  may  be  employed  for  one  another  in  some 
cases,  and  produce  similar  effects,  when  the  salt  used  has  the 
14 
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same  acid  The  doses  in  which  the  different  preparations  should 
be  employed,  are,  however,  often  different,  and  their  effects  will 
usually  depend  upon  their  solubility,  as  well  as  then  isomorphism. 
Dr  Blake  has  made  a  long  series  of  important  experiments  on 
the  effects  of  isomorphous  bodies,  injected  in  solution  into  the 
veins  and  arteries  of  dogs,  and  has  deduced  the  consequence  that 
they  act  similarly,  but  in  different  doses.  He  employed  com- 
pounds of  twenty-eight  elementary  bodies.  The  action  on  the 
pulmonic  capillaries  and  systemic  or  arterial  capillaries,  were  par- 
ticularly  observed  by  the  use  of  Poisseuille's  haemadynamometer, 
which  indicated  increased  pressure  in  the  arteries  when  there 
was  obstruction  to  the  circulation,  and  diminished  pressure  when 
it  was  rendered  faster  in  the  capillaries. 

Some  bodies,  as  the  salts  of  strontia,  baryta  and  lead,  soon  dimi- 
nished, and,  finally,  destroyed  the  heart's  action,  acting  in  ten 
seconds  after  introduction.  The  salts  of  silver  and  soda,  on  the 
other  hand,  augment  its  irritability.  The  salts  of  lime,  iron,  zinc, 
manganese,  cadmium,  copper  and  nickel,  rendered  its  action  slower 
in  small  doses.  The  hydrochloric,  hydrobromic,  hydnodic  acids, 
and  other  acids  of  iodine,  bromine  and  chlorine,  have  an  extraordi- 
nary effect  in  impeding  the  action  of  the  arterial  capillaries,  caus- 
ing the  pressure  in  the  hsemadynamometer  to  rise  from  two  inches, 
which  is  the  normal,  to  even  eight  inches.  The  salts  of  ammonia 
and  potash  also  impede  this  circulation,  whilst  those  of  iron,  zinc, 
copper,  nickel,  manganese  and  cadmium,  increase  it.  Some  sub- 
stances obstruct  the  passage  in  the  venous  or  pulmonic  capd- 
laries,  whilst  they  do  not  affect  the  arterial  capillaries,  as  the  salts 
of  strontia,  baryta  and  lead,  and  the  phosphoric  and  arsenious 
acid,  and  salts  of  antimony.  The  salts  of  silver  and  soda  impede 
the  circulation  in  both. 

To  state  merely,  that  investigations  of  this  nature  are  important, 
is  to  exhibit  an  ignorance  of  their  immense  value.  Let  them  but 
be  sustained  by  the  concerted  action  of  several  experimenters, 
and  we  have  a  rational  basis  for  therapeutics,  in  which  science 
the  darkness  of  chaos  now  exists.  We  can  trust  many  of  the 
above  facts,  because  they  satisfy  observations  made  in  a  less  di- 
rect manner,  and  they  amplify  our  knowledge  where  it  is  most 
obscure.  Take  the  action  of  antimony — it  arrests  the  circula- 
tion in  the  pulmonary  capillaries — here  is  a  complete  and  lumi- 
nous exposition  of  its  therapeutic  properties.  It  hinders  the 
venous  blood  from  becoming  arterialized  as  rapidly  as  in  the 
state  of  health.  Who  can  be  astonished  after  this,  that  it  should 
reduce  the  activity  of  the  animal,  that  it  should  prostrate  in  a  few 
minutes  and  almost  stop  the  action  of  the  heart — for  the  patient  is 
half  asphyxiated.  This  is  not  the  place  to  apply  the  doctrine,  but 
the  student  will  perceive  that  the  facts  of  Dr.  Blake  form  a  strong 
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argument  in  favor  of  the  theory,  that  the  circulation  of  the  blood 
depends  upon  its  chemical  relations  to  the  capillaries.  To  this 
point,  we  shall  refer  in  the  chapter  on  the  capillary  force. 

Another  fact  is  apparent  in  Dr.  Blake's  researches,*  that  the 
amount  of  any  salt  acting  in  the  blood,  is  much  smaller  than  per- 
sons suppose.  We  have  it  asserted,  that  nitre  and  other  bodies 
pass  into  the  blood  in  drachms,  and  the  inference  is  general,  that 
it  remains  there  some  time  in  these  quantities;  but  in  these  ex- 
periments, five  grains  sufficed  to  kill  a  dog,  when  injected  directly 
into  the  veins.  So  most  medicines  produced  death  in  doses 
under  sixty  grains,  and  in  very  few  cases  were  two  drachms  re- 
quired for  this  purpose.  Medicines  enter  the  system  by  absorp- 
tion only  when  they  are  exhibited  in  a  diluted  state,  and  then  but 
little  enters  in  comparison  with  the  amount  refused. 

THE  PRODUCTION  OF  GROUPS  AND  TYPES. 

In  the  same  way  that  the  chemical  force  determines  the  crys- 
talline figure  of  inorganic  bodies,  it  arranges  the  molecules  of 
organic  substances,  imparting  to  them  specific  forms  and  proper- 
ties. As  there  is  not  a  crystalline  adjustment  given  to  the  parti- 
cles of  vegetable  and  animal  matter,  the  peculiar  form  is  termed 
a  group.  This  term  implies  a  certain  arrangement  of  the  atoms — 
a  grouping  of  them. 

Another  peculiarity  exists  in  some  organic  bodies — the  cellular 
figure :  not  only  are  the  atoms  grouped  after  a  system,  but  an 
obvious  arrangement  of  the  compound  molecule  is  made;  it  is 
enveloped  in  a  spherical  case,  or  may  be  arranged  into  a  sphe- 
rical cell,  which  forms  the  characteristic  figure  of  the  body. 
Starch  is  an  instance  of  the  first  kind;  it  consists  of  spheres 
which  are  cells,  the  interior  of  which  is  filled  with  amidine.  The 
entire  cell  is  insoluble,  the  interior  is  soluble  in  cold  water.  The 
hollow  cell  is  more  complex;  this  usually  contains  organic  matter, 
combined  with  certain  saline  substances,  of  which  the  sulphates, 
silicates  and  phosphates,  are  the  chief — the  properties  of  the  cell 
depending  upon  its  components. 

We  have,  therefore,  a  remarkable  tendency  in  organic  com- 
pounds to  assume  definite  figures,  as  in  the  salts,  but  they  are 
spherical  rather  than  angular.  The  forms  of  some  are  obvious 
to  the  microscope,  as  in  the  case  of  cellules,  but  in  others,  the 
figure  is  hidden.  In  the  latter  case,  the  molecules  are  said  to  be 
grouped,  or  to  be  arranged  according  to  a  type  or  model.  The 
type  is  both  mechanical  and  chemical;  the  former  refers  to  the 
number  of  atoms,  the  latter  to  similarity  of  property  without  re- 
ference to  the  number  of  atoms. 

•  See   The  American  Journal  of  the  Medical  Sciences,  for  January,  1848,  p. 
63,  et  seq. 
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The  subject  divides  itself  into  three  parts,  which  may  be  put 
as  questions.  1.  What  is  meant  by  organic  grouping?  2.  What 
is  a  mechanical  type  ?     3.   What  is  a  chemical  type  ? 

1.  What  is  meant  by  Organic  Grouping? — Animal  and  vege- 
table bodies  are  remarkable  for  the  great  number  of  atoms  they 
contain.  It  has  already  been  remarked,  that  iibrine  has  1042 
atoms;  starch  and  a  number  of  similar  bodies  have  from  32  to 
40  atoms;  in  such  cases,  the  force  of  chemical  affinity  must  be 
feeble,  and  the  arrangement  of  so  many  molecules  subject  to  great 
disturbance.  Hence  we  find  that  the  same  atoms  may  give  us 
either  starch  or  dextrine ;  one  a  soluble,  the  other  an  insoluble 
body.  Other  cases  of  this  kind  have  been  alluded  to  under  the 
topic  of  Isomerism.  Now  what  makes  the  difference  in  their  pro- 
perties? In  most  cases  it  will  depend  upon  the  manner  in  which 
the  atoms  are  arranged  or  grouped  ;  in  others  it  may  depend  upon 
allotropic  differences  in  the  elements. 

What  is  meantby  difference  in  grouping?  Let  us  suppose  twenty 
atoms  of  the  three  elements,  carbon,  hydrogen,  and  oxygen,  to  be 
free  to  combine  by  the  chemical  force.  It  is  obvious  that  they  may 
be  arranged  into  a  sphere  ;  they  may  be  aggregated  into  a  cube, 
into  a  bar,  or  any  modification  of  these.  And  the  question,  how 
can  a  determinate  force,  like  chemical  affinity,  act  so  diversely,  does 
not  reach  the  case  ;  for,  as  Ave  have  shown  under  the  section  on 
dimorphism — heat,  light,  and  other  forces  may  be  acting  simul- 
taneously with  the  disposing  chemical  force.  We  have  seen,  that 
.different  figures  are  given  to  inorganic  bodies  by  the  action  of 
heat,  and  that  light  and  heat  are  connected  with  the  production  of 
allotropic  differences.  Now,  organic  compounds  are  remarkably 
changed  by  heat  and  light.  Without  light,  the  woody  matters, 
and  the  green  coloring  bodies  of  plants,  cannot  be  formed  ;  without 
heat,  the  fats,  urea,  and  other  products  of  the  animal,  could  not 
come  into  existence.  Difference  of  grouping  may  then  spring 
from  the  disturbing  action  of  light  and  heat ;  the  action  of  which 
is  to  affect  the  rearrangement  of  the  molecules,  and  give  the  mass 
new  properties.  The  ancients  indulged  an  hypothesis,  that  the 
different  qualities  of  sweetness,  sourness  or  bitterness  depended 
upon  the  forms  of  bodies,  and  their  relations  to  the  organ  of  taste; 
this  cannot  be  proved  by  inspection,  but  modern  chemistry  has 
satisfied  us  that  the  sensible  properties  of  bodies  do  depend  on 
the  arrangement  of  their  molecules. 

A  few  illustrations  will  make  this  apparent.  Formiate  of  rne- 
thyline  {Kane)  and  glacial  acetic  acid,  when  analyzed,  both  yield 
four  atoms  each  of  carbon,  hydrogen,  and  oxygen,  or  have  the 
formula  C4H404,  yet  they  are  different  in  every  property.  But 
if  we  try  the  action  of  reagents  on  these,  it  will  soon  be  found 
that  by  several  means  the  acid  can  be  resolved  into  C4H303+ 
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HO,  for  in  the  place  of  the  HO,  other  metallic  oxides  may  be 
substituted  ;  this,  then,  determines  that  the  atoms  are  grouped  into 
two  sets,  one  of  which,  the  C4H303,  is  more  fixed  in  the  body 
than  the  HO.  Again,  the  formiate  can  be  resolved  into  C2H, 
03-f-C2H3,0,  a  complex  body  containing  four  parts,  C2H  being 
formyle  with  03  or  formic  acid,  and  C2H3  being  Dr.  Kane's 
methyline  with  O,  or  oxide  of  methyline.  Oil  of  turpentine  and 
oil  of  citron,  when  analyzed,  yield  the  same  formula  C4H5 ;  but 
in  their  reactions  they  exhibit  a  difference  of  grouping,  the  first 
combining  as  C20HI6,  whilst  oil  of  citron  combines  as  CI0H8. 

The  two  cases  selected,  exhibit  instances  of  metameric  and 
polymeric  compounds.  In  the  first,  there  is  difference  of  group- 
ing with  similarity  in  the  number  of  atoms;  in  the  second,  the 
elements  and  proportionate  number  of  atoms  are  similar,  but  not 
the  same,  one  compound  having  double  the  number  of  atoms  of 
the  other. 

The  sensible  properties  of  a  body  may,  therefore,  be  changed 
by  a  cause  which  will  throw  the  atoms  into  new  groups.  The 
chief  of  these  causes  is  heat,  by  means  of  which  most  of  the 
compound  organic  bodies  are  altered  without  any  loss  of  their 
substance. 

What  is  a  Mechanical  Type? — Numerous  organic  bodies  are 
found  to  contain  the  same  number  of  atoms,  but  of  different  ele- 
ments. The  frequent  occurrence  of  a  certain  arrangement  of 
atoms,  awakens  a  suspicion  that  it  is  not  merely  accidental,  but 
a  model  or  type  which  represents  a  stable  molecular  aggregation. 
And,  as  we  judge  by  the  number  only,  without  reference  to  the 
properties  of  the  body,  it  is  simply  an  arithmetical  or  mechanical 
coincidence  that  affects  us,  and  hence  it  is  called  a  mechanical 
type.  This  would  be  curious  in  the  study  of  the  habitudes  of 
molecules,  if  it  went  no  farther.  But  it  is  connected  with  an  ex- 
traordinary fact,  viz  :  that  the  elements  can  be  changed,  more  or 
less  entirely,  without  the  number  of  atoms  being  altered.  Ac- 
cording to  Dumas,  one  element  may  displace  any  other,  however 
dissimilar  in  its  electrical  relations;  but  we  have  already  re- 
marked, that  the  electrical  condition  of  the  replacing  body  may 
vary.  This  constitutes  the  doctrine  of  substitutions,  in  which  it 
is  asserted  that  one  element  can  replace  every  other  in  a  mecha- 
nical type  without  altering  its  numerical  form. 

An  illustration  will  serve  to  explain  this  more  clearly  ;  the 
group  of  atoms,  C4H602,  representing  alcohol,  is  a  mechanical 
type  containing  12  atoms  ;  when  this  substance  is  subjected  to  the 
influence  of  oxygen,  it  is  converted  into  acetic  acid,  C4H404, 
which  has  also  12  atoms,  and  in  some  other  changes  which  it  un- 
dergoes, this  number  remains  fixed.    It  would  appear  that  for  this 

14* 
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class  of  substances,  twelve  atoms  are  essential  to  build  up  the  com- 
pound molecule.  In  the  change  from  alcohol  to  acetic  acid,  the  ele- 
ments remain  the  same  ;  but  there  is  an  increase  of  atoms  of  oxygen 
and  diminution  of  hydrogen  ;  two  atoms  of  oxygen  are  substituted 
for  two  of  hydrogen ;  this  is  not  a  usual  thing,  but  in  the  follow- 
ing compound,  chlorine  is  substituted  for  hydrogen. 

When  the  crystallized  or  glacial  acetic  acid  is  exposed  to  the 
action  of  chlorine  in  the  bright  sunshine,  action  ensues,  and  the  for- 
mula C4H404  becomes  converted  into  C4HC1304,  or  chloro-acetic 
acid.  In  this  case,  the  mechanical  type  of  twelve  atoms  is  retained, 
and  three  atoms  of  hydrogen  are  displaced,  or  substituted  by  three 
of  chlorine.  As  hydrogen  and  chlorine  are  dissimilar  in  their  elec- 
trical relations,  this  and  similar  cases  appear  to  be  opposed  to  the 
electro-chemical  theory  (p.  101) ;  but  it  is  not  to  be  overlooked 
that  the  change  occurs  only  in  bright  light,  which  we  know  has 
the  power  of  changing  the  j3  allotropic  state  of  chlorine  into  the 
alpha,  or  converting  inactive  into  active  chlorine  ;  and  it  is  more 
probable,  as  Dr.  Draper  suggests,  that  the  replacement  is  clue  to 
this  disturbing  cause,  than  that  the  Blectro-chemical  theory  is  in 
error. 

Another  extraordinary  instance  of  the  permanence  of  a  me- 
chanical type  under  substitution,  is  seen  in  the  history  of 
the  compound  C4H5C1,  or  chloride  of  ethyle  ;  when  acted  on  by 
chlorine,  it  changes  through  the  following  bodies — C4H4C12,  an 
oily  body— C4H3CI3,  a  liquid— C4H2C14,  then  C4HCls,and  finally 
C4C16,  or  sesquichloride  of  carbon.  Here  every  atom  of  hydrogen 
is  step  by  step  displaced,  the  same  numerical  type  of  ten  atoms 
remaining  throughout,  even  when  it  ceases  to  be  a  compound  of 
three  elements,  and  contains  only  two,  C4C1G. 

But  the  permanence  of  a  certain  number  of  atoms  throughout 
a  series  of  compounds  is  neither  rare,  nor  confined  to  organic 
chemistry.  The  common  salts  of  the  same  group  contain  a  type, 
the  expression  of  which  made  general,  is  as  follows : 

MO-fROa 

MO  +  RO, 

M20,+R03,  &c. 
In  which  M  is  a  metal,  O  oxygen,  and  R  an  acid  radical.  The 
first  MO  -r-R03  is  the  type  for  the  protosulphates,  arsenites,  sele- 
niates,  &c,  the  acid  of  which  is  in  03.  The  second  formula  con- 
tains the  protonitrates,  phosphates,  arseniates,  antimoniates,  and 
acids  in  05.  The  third  type  contains  the  peroxides  of  metals,  and 
contains  as  many  classes  as  there  are  different  types  in  the  acids. 
What  is  a  Chemical  Type? — A  chemical  type  differs  from  the 
mechanical  or  numerical  type  in  this  extraordinary  circumstance, 
that  the  number  of  atoms  is  not  only  the  same  throughout  the 
series,  but  the  chemical  properties  also.     In  the  case  of  C4H404, 
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or  acetic  acid,  given  in  the  foregoing  paragraph,  the  action  of 
chlorine  produces  C4HC1304,  or  chloracetic  acid,  not  only  re- 
markable in  its  form,  but  having  very  similar  properties.  Thus 
their  grouping  is  alike  : 

C4H303+HO 

C4Cl303-fHO; 

they  are  both  strong  and  volatile  acids,  both  monobasic,  that  is, 

combine  with  but  one  atom  of  base,  which   becomes  a  substitute 

for  the  HO,  as  follows  : — 

C4C1303+K0  C4H303+KO 

C4Cl303  +  NaO  C4H303+NaO 

C4Cl303+PbO  C4H303+PbO. 

Chlorine  ether,  C4C15,0,  is  obtained  by  the  substitution  of  chlorine 
for  the  hydrogen  of  common  ether  C4H5,0 ;  the  mechanical 
type,  ten  atoms,  is  the  same  ;  but  their  chemical  type  is  also 
identical.  They  are  both  ethers,  are  bases,  and  form  analogous 
salts,  both  by  direct  combination  with  the  haloid  bodies  in  the 
substitution  of  the  O,  by  CI,  I,  Br,  &c,  as  well  as  in  their  union 
with  HO  (water  or  hydric  acid),  and  combination  with  other 
acids.     The  series  are  as  follows  : — 

CH5,0        .      .     C4C15,0"1  fC4H3,HO      .      C4C15,H0 

C4H5,C1       .      .     C4C13,CI  J  J  C4H5,N03     .       C4C13,N03 

C4H5,I         .      .     C4CU     f         1  CJL,NO;      .       C.CLNO, 


tH3,Cl       .       .     C4C13,CI  J  J  C4Hr,N03 

tH5,I         .      .     C4C15,I     f        ^  C41L,N03 
.H^Br       .       .     C4Cl5,BrJ  lC4H3,C02 


C4H5,Br       .      .     C4Cl5,BrJ  LC4H3,C02      .       C4CL,C02 

&c.  &c.  &c.  &c. 

In  these  case3  the  parallelism  is  extraordinary,  and  we  are 
compelled  to  admit  that  the  unchangeable  terms  of  these  com- 
pounds, the  C4H5  and  the  C4C15,  are  united  together  or  grouped 
more  perfectly  than  the  other  terms.  Neither  of  these  is  known, 
but  notwithstanding  this,  their  permanence  proves  their  existence, 
and  they  are  designated  compound  radicals.  The  first,  C4H6,  is 
termed  ethyle,  and  has  the  symbol  Ae,  the  other  may  be  termed 
chloryle,  and  represented  by  the  symbol  Cle. 

CATALYSIS. 

The  Propagation  of  Chemical  Action — The  Action  of  Pre- 
sence.— In  the  preceding  cases,  we  have  been  studying  the  chemi- 
cal affinity,  as  it  exists  between  atom  and  atom  only.  In  treating 
of  combining  numbers  or  equivalents,  it  has  been  stated  that  a 
given  number  of  grains  of  acid  neutralize  a  precise  amount  of 
base.  For  instance,  ten  equivalents  of  the  one  may  unite  with  ten 
of  the  other,  and  then  all  action  ceases,  and  this  is  the  case  whatever 
may  be  the  excess  of  either  body.  But  there  are  numerous  cases 
which  seem  to  offer  exceptions  to  this  rule,  in  which  we  find  that 
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several  pounds  of  matter  may  be  chemically  changed  by  the  intro- 
duction of  a  minute  quantity  of  an  active  agent.  Take  the  in- 
stance of  fermentation :  a  little  yeast  is  added  to  hundreds  of 
gallons  of  wort,  and  the  sugar  and  albumen  there  are  changed 
throughout  the  whole.  A  chemical  action,  started  at  a  point  by 
the  yeast,  travels  throughout  the  whole;  step  by  step  it  invades 
the  bulk,  and  atom  after  atom  of  sugar,  &c,  yields  to  the  force. 
This  is  a  case  of  the  propagation  of  chemical  force.  Liebig 
goes  further,  and  attributes  the  propagation  to  movements  set  up 
among  the  molecules.  It  is  also  called  catalysis,  and  action  of 
presence,  the  latter  term  indicating  that  the  presence  of  a  body 
disturbs  the  chemical  relations  of  the  molecules  present. 

Instances  of  change  by  catalysis  are  not  confined  to  organic 
bodies,  although  they  are  very  frequent  among  them.  If  a  highly 
porous  body,  as  spongy  platinum,  be  introduced  into  a  mixture  of 
oxygen  and  hydrogen  gases,  it  condenses  a  portion  of  them  in  its 
pores,  and  presenting  them  to  one  another,  in  a  new  state,  effects 
a  slow  union.  Finely  divided  platinum  called  platinum  black, 
and  pure  platinum,  effect  numerous  catalytic  changes,  and  are  in 
no  case  acted  on  in  the  least  degree,  but  appear  to  operate  by 
condensing  some  gas  in  nearly  every  case. 

It  has  already  been  stated,  that  the  oxygen  and  hydrogen  have  an 
alpha  or  nascent  state,  in  which  they  are  condensed,  and,  perhaps, 
fluid;  and  it  is  probable  that  the  forms  of  platinum  have  the  pro- 
perty of  so  far  condensing  them,  as  to  produce,  little  by  little,  this 
state.  Union,  in  the  presence  of  this  metal,  is  always  slow.  In 
this  case,  catalytic  action  arises  from  a  change  in  the  activity  of  an 
important  agent,  and  it  may  be  said  to  be  an  instance  of  catalysis 
resulting  from  capillary  action — the  oxygen  or  hydrogen  gases 
being  condensed  by  the  metal  in  virtue  of  their  capillary  affinities. 

Another  cause  of  catalytic  action,  is  the  disturbance  of  the 
molecular  state  of  the  atom  by  a  force.  The  gases,  oxygen  and 
hydrogen,  touched  with  a  point  of  flame,  or  with  the  electric 
spark,  unite  explosively.  The  atoms  immediately  acted  on  are 
not  merely  affected,  but  an  influence  is  propagated,  with  the  speed 
of  lightning,  through  the  mass,  however  great.  It  has  been  shown 
that  the  chemical  and  electrical  forces  are  identical,  and  that  heat 
can  produce  electrical  excitement.  The  nature  of  induced  elec- 
trical action  has  also  been  explained.  In  such  cases,  the  effect 
is  obviously  due  to  the  influence  of  heat  or  electricity,  and  we 
may  conceive  that  either  of  these  forces  induces  a  polar  state 
throughout  the  gas,  which  is  favorable  to  the  union  of  the  atoms. 
In  the  gaseous  state,  the  atoms  are  repelled  either  as  an  original 
state,  or  as  the  result  of  the  action  of  a  repulsive  force,  and  in 
uniting  this  is  suddenly  neutralized.  Light  produces  similar 
effects,  both  rapidly  as  in  the  union  of  chlorine  and  hydrogen,  or 
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slowly  as  in  the  decomposition  of  ammonio-citrate  of  iron,  and 
other  bodies.  Heat  produces  numerous  catalytic  effects  of  the 
same  nature.  These  present  us  with  illustrations  of  catalysis 
arising  from  the  disturbing  effects  of  heat, light,  and  electricity . 

Fermentation  can  only  take  place  where  there  is  oxygen,  and 
is  never  spontaneous,  except  in  bodies  having  a  very  unstable  com- 
position, as  fibrine,  albumen,  &c.  Once  begun,  the  farther  pre- 
sence of  oxygen  is  unnecessary,  and  the  ferment  can  propagate 
its  action  to  substances  of  a  less  complex  nature,  and  even  cause 
the  union  of  some  gaseous  mixtures.  Something  very  analogous 
to  a  current  of  electricity,  producing  decompositions  and  recom- 
positions,  appears  to  he  started  in  the  mixture,  which  is  capable  of 
acting  even  on  foreign  bodies. as  a  force.  Instability  of  grouping, 
arising  from  feebleness  of  chemical  affinity,  is  the  necessary  con- 
dition of  spontaneous  fermentation,  which  we  may  regard  as  a 
change  occurring  in  consequence  of  the  development  of  new  and 
stronger  affinities,  by  the  action  of  oxygen,  heat  and  other  causes, 
which  produce  a  new  aggregation  of  the  atoms.  Heat,  in  de- 
structive distillation  and  in  other  ways,  produces  catalytic  effects 
of  a  similar  kind.  This,  then,  is  a  form  of  catalytic  action  re- 
sulting from  chemical  disturbance. 

There  are  other  cases  in  which  the  cause  is  less  apparent;  thus 
a  little  sulphuric  acid  converts  a  boiling  solution  of  starch  into 
dextrine,  and  ultimately  into  grape-sugar.  There  is  change  of 
grouping  in  these  bodies,  as  well  as  an  increase  of  atoms,  starch 
having  the  form  Cl2Hi0Ol0,  and  grape-sugar  Cl2H14Ol4,  so  that 
the  action  here  does  not  increase,  but  rather  diminishes  the  che- 
mical force  of  aggregation. 

Catalysis  is,  therefore,  not  a  single  action,  but  the  result  of 
many,  and  may  arise  as  a  consequence  of  the  condensing  action 
of  a  body  upon  an  important  element — from  the  disturbance  of 
chemical  affinity  by  other  forces,  as  light  and  heat — from  the  ac- 
tion of  a  powerful  agent,  as  oxygen  on  bodies  having  an  unstable 
grouping,  as  in  fermentation,  by  which  compounds  of  a  more  per- 
manent character  are  produced;  or,  lastly,  the  cause  may  differ 
from  the  preceding,  and  be  obscure.  In  all  cases,  however,  we 
have  a  propagation  of  force,  which  can  be  arrested,  or  directed 
into  new  compounds  by  proper  means.  This  ability  of  the 
chemical  force  to  develope  itself  in  the  manner  of  a  current,  or, 
by  producing  polarity,  associates  it  with  the  electrical  force  in  a 
striking  manner. 

In  the  chapter  on  fermentation,  and  under  their  appropriate 
heads,  we  shall  enter  more  fully  into  the  causes  of  catalytic  ac- 
tion. 

In  several  points  of  view,  the  study  of  catalytic  action  is  of 
great  importance  to  the  physician.     For  he  will  find  that,  in  the 
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chemistry  of  the  animal  and  vegetable  world,  it  is  the  paramount 
force.  In  these,  instead  of  the  complete  decomposition  of  bodies, 
or  their  sudden  formation  by  the  union  of  their  several  atoms, 
there  are  steps  of  change  subject  to  the  disturbing  action  of  heat 
and  light.  Thus,  the  proteine  compounds  of  the  body  form 
oxides,  then  resolve  themselves  in  numerous  products  represent- 
ing the  tissues,  and,  finally,  become  transformed  into  urea,  water 
and  carbonic  acid  ;  the  former  of  which,  when  excreted  from  the 
body,  is  further  changed  into  carbonate  of  ammonia  and  water. 
These  are  all  catalytic  actions,  in  which  a  few  atoms  of  oxygen 
and  a  certain  temperature  are  the  necessary  conditions.  In  the 
plant,  albumen  does  not  come  into  existence  by  the  synthetic 
union  of  so  many  atoms  of  its  various  elements,  but  is  the  result 
of  a  series  of  changes,  commencing  with  the  decomposition  of 
carbonic,  sulphuric  and  phosphoric  acids,  and  other  bodies. 

In  disease,  a  morbid  action  commencing  at  a  spot  may  pervade 
the  body;  the  vaccine  virus  is  an  illustration.  Contagious  diseases 
belong  to  this  category.  Morbid  growths,  tubercles,  carcinoma, 
&c,  have  their  cause  in  perverted  chemical  action,  and  their  de- 
velopement  in  catalysis. 

In  therapeutics,  many  medicines  will  be  found  to  act  catalyti- 
cally.  This  is  especially  true  in  those  which  act  through  the  cir- 
culation ;  a  grain  or  two  of  tartarized  antimony  so  alters  the 
chemical  relation  of  venous  blood  to  the  pulmonary  capillaries, 
that  it  can  scarcely  pass  through  them,  whilst  iron  quickens 
its  flow  in  the  systemic  capillaries.  The  change  of  relation  in 
the  blood  is  of  the  same  kind  as  the  change  in  chemical  pro- 
perties produced  by  uniting  certain  bodies.  Thus  platinum  is 
not  in  the  least  acted  upon  by  strong  nitric  acid;  but  if  mixed 
with  silver,  it  readily  dissolves  in  weak  acid.  Mercury  has  no 
affinity  for  ammonia;  but  if  it  be  alloyed  with  a  very  minute 
quantity  of  sodium,  they  unite  completely,  and  there  is  formed  the 
amalgam  of  mercury  and  ammonium.  Many  instances  of  this  kind 
exist,  and  the  amount  of  disturbing  body  does  not,  in  some  cases, 
exceed  20V  o  °f  lne  bulk  ;  hence  it  is  not  to  be  wondered  at,  that 
the  introduction  of  some  of  the  chemical  agents  used  in  medicine 
should  alter  the  electrical  relations  of  the  blood — especially  as 
its  most  important  component,  albumen,  is  subject  to  the  action 
of  nearly  every  metallic  salt,  and  influenced  by  both  acids  and 
alkalies. 

In  the  metallic  mixtures  alluded  to,  the  inactive  bodies  pla- 
tinum and  mercury,  have  their  electrical  affections  entirely  sub- 
verted, and  some  medicines  do  unquestionably  produce  the  same 
action  on  albumen;  otherwise  it  could  not  be  influenced  by  so 
many  substances.  The  cause  of  the  capillary  circulation,  which 
is  the  only  important  portion  of  the  circulation,  is  chemical,  and 
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depends  upon  the  electrical  relations  of  the  fluid  and  tissue;  if 
these  be  abnormal,  it  must  be  impeded,  and  may  be  arrested.  It 
may  also  be  exalted  by  other  agents. 

The  glands  are  centres  of  peculiar  catalytic  action,  where  a 
peculiar  aggregation  is  given  to  certain  components,  usually  effete, 
of  the  circulating  fluid.  It  may  be  well  here  to  adduce  a  case  of 
definite  catalytic  action.  The  propagation  of  force  may  be  ad  in- 
finitum, or  it  may  be  restricted  ;  the  explosion  of  gases  by  heat  is 
an  instance  of  the  first,  the  conversion  of  starch  into  sugar  by 
diastase  of  the  second.  In  the  latter,  one  part  of  diastase  (a 
ferment)  is  capable  of  changing  two  thousand  parts  by  weight  of 
sugar  ;  it  is,  therefore,  definite,  for  if  the  sugar  be  in  excess,  no 
more  will  be  converted.  So  the  glands  exercise  a  determinate 
catalytic  action,  which  is  not  like  that  of  a  contagious  poison, 
operative  on  all  the  blood,  but  on  a  portion.  The  saliva,  the 
pancreatic  fluid,  the  gastric  juice,  and  some  portion  of  the  bile,  are 
instances  of  this  change.  But  the  kidneys,  mammae,  and  uterine 
glands  seem  to  separate  their  secretions  from  the  blood  without 
producing  any  change  on  them. 

These  imperfect  remarks  are  placed  here  for  the  purpose  of 
arousing  the  attention  of  the  student,  rather  than  satisfying  his 
curiosity.  My  object  being  to  induce  him  to  master  a  subject, 
which,  at  the  first  sight,  he  might  regard  a  specimen  of  chemical 
refinement  and  generalization,  rather  than  of  practical  value.  In 
the  subsequent  chapters,  frequent  allusion  will  be  made,  and  many 
arguments  founded  on  the  truths  of  catalysis  adduced,  which 
will  be  scarcely  intelligible  to  those  ignorant  of  the  habitudes 
of  this  variety  of  the  chemical  force. 
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THE  SIMPLE  BODIES  OF  GREATEST  IMPORTANCE. 

A  table  of  the  elements  is  given  at  page  135,  in  which  they 
are  divided  into  metallic  and  non-metallic  bodies,  and  their  elec- 
tric affinity  indicated.  It  would  be  more  consistent  with  theory 
to  treat  the  electro-negative  substances  first,  or  to  place  them  in 
isomorphous  groups,  but  for  the  convenience  of  the  learner  another 
plan  has  to  be  employed.  The  most  active  elements  are  placed 
first,  so  that  in  treating  of  the  compounds  of  such  as  follow,  the 
student  may  know  the  properties  of  the  bodies  referred  to.  Where 
it  is  possible,  I  shall  throw  the  elements  into  isomorphous  groups 
to  save  needless  repetition.  Such  bodies  as  are  of  the  highest 
interest  to  the  physician  and  student  of  organic  nature,  will  occupy 
our  time  chiefly;  the  rest  will  be  merely  mentioned.  So  soon  as 
we  have  gone  over  the  elements  important  to  animal  and  vegeta- 
ble chemistry,  we  shall  enter  on  the  subject  of  organic  chemistry, 
recurring  to  the  metals  and  salts  in  the  last  portions  of  the  work. 


OXYGEN. 

Synonyme,  Vital  air.     Symbol,  O.     Equivaloit,  8. 

Common  oxygen  is  a  gas  resembling  air,  but  is  also  known  in 
a  much  more  active  or  nascent  state.  The  gas  is,  according  to  the 
modem  nomenclature,  termed  beta  ($)  oxygen,  and  in  the  nascent 
state,  when  it  is  probably  liquid,  alpha  (a)  oxygen ;  the  symbol 
is  O. 

It  is  the  most  abundant  body  in  nature,  but  does  not  exist  un- 
combined  ;  hence,  to  obtain  it  pure,  we  must  resort  to  artificial 
means.  It  may  be  procured  by  heating  many  of  its  compounds, 
as  some  of  the  oxides,  as  of  mercury,  manganese — or  nitrates, 
chlorates  and  other  substances,  in  which  it  is  abundant.  A  ready 
method  of  obtaining  it  in  a  pure  state,  is  to  heat  chlorate  of  potash 
in  a  retort  a  over  a  large  spirit  lamp  c.  The  gas  is  evolved  by  the 
decomposition  of  the  salt,  and  is  to  be  collected  in  a  vessel  tilled 
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with  water  e,  and  inverted  in  a  small  cistern  or  pneumatic  trough  d. 
The  manner  of  the  arrangement  is  seen  in  the  figure. 

Fig.  48. 

I 


The  chlorate  of  potash  has  the  formula  KO-f  C105,  and  is  de- 
composed by  the  heat,  becoming  KC1,  and  the  oxygen  (06)  pass- 
ing off  as  gas.  A  little  black  oxide  of  manganese,  added  to  the 
chlorate,  enables  us  to  obtain  it  by  the  use  of  much  less  heat. 

Characters. — It  is  colorless,  inodorous,  and  tasteless,  specific 
gravity  1.111,  air  being  1.000  ;  100  cubic  inches  weigh  about  34 
grains.  It  is  permanently  elastic  in  the  free  state,  having  never 
been  condensed  by  cold  or  pressure.  Water  absorbs  about  4 
per  cent,  of  this  element;  it  is  also  found  in  arterial  and  venous 
blood  in  the  uncombined  state,  being  in  larger  quantity  in  the  first. 

Properties. — As  a  gas  it  is  a  very  active  substance,  but  in  the 
alpha  state  it  is  the  most  active  in  nature.  It  combines  with  every 
element  except  fluorine.  Its  basic  compounds  are  called  oxides ; 
it  also  enters  into  the  composition  of  acids,  and  was  formerly  called 
the  acidifying  principle.  Without  its  presence,  ordinary  combus- 
tion is  impossible,  and,  for  this  reason,  it  was  thought  the  uni- 
versal supporter  of  combustion  ;  but  chlorine,  iodine,  sulphur  and 
other  bodies,  are  sometimes  equally  active. 

It  is,  however,  the  sole  supporter  of  respiration,  for  without  it 
all  animals  would  die ;  but  for  this  purpose  the  pure  gas  is  too 
active,  and  requires  dilution.  In  the  atmosphere  we  are  pre- 
sented with  a  suitable  mixture  for  this  purpose,  consisting  of  20.8 
parts  of  oxygen  with  about  79.2  of  nitrogen.  In  pure  oxygen, 
animals  are  at  first  excited,  but  presently  die  of  over  stimulation. 
The  oxygen  gas  inhaled  with  air  is  partially  condensed  by  the 
mucous  membrane  of  the  air  cells  of  the  lungs,  and  thus  presented 
to  the  blood  in  a  highly  active  state.  Oxygen  is,  under  all  cir- 
cumstances, an  electro-negative  element. 

Numerous  striking  illustrations  of  the  rapidity  of  its  chemical 
action  may  be  given :  thus  a  piece  of  burning  phosphorus,  sulphur, 
15 
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or  Indian  rubber  plunged  in  it,  emits  an  intense  light.  Iron  wire 
made  red  hot  at  one  end  and  placed  in  it,  burns  with  brilliant 
scintillations.  If  it  be  collected  under  pressure  in  a  metallic  ves- 
sel, and  made  to  issue  by  a  jette  through  the  flame  of  a  spirit 
lamp,  a  blowpipe  flame  of  intense  heat  is  obtained,  which  will 
melt  most  metals,  and  produce  a  brilliant  phosphorescence  in 
lime,  magnesia,  and  other  bodies. 

In  the  changes  of  organic  matter,  oxygen  is  an  important  body; 
it  seems,  in  all  cases,  to  act  the  part  of  a  destroyer,  reducing  com- 
plex substances  to  simple  forms.  In  the  human  body,  its  office 
is  to  reduce  the  fats  and  proteine  of  the  system  to  urea,  carbonic 
acid,  water  and  choleic  acid,  destroying  their  nutritious  properties. 
As  a  therapeutic  agent  it  has  not  been  fairly  tried,  but  mixed  with 
air,  in  the  proportion  of  1  part  in  6  or  8,  has  been  used  to  resus- 
citate persons  asphyxiated  by  vapor  of  ether,  and  would  be  ser- 
viceable in  other  cases  of  suspended  animation  ;  but  in  these  prot- 
oxide of  nitrogen  is  superior  in  efficacy.  Under  that  gas,  further 
remarks  will  be  found  on  the  subject. 
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Symbol,  H.     Equivalent,  1. 

This  element  does  not  exist  in  the  free  state  in  nature,  and  is 
most  developed  in  water,  which  contains  |th  of  its  weight  of  hy- 
drogen. It  is  procured  artificially  as  a  gas,  its  beta  form ;  in  the 
alpha  state  it  is  intensely  active,  and  is  probably  a  fluid. 

The  readiest  way  of  obtaining  the  gas,  is  by  pouring  dilute 

sulphuric  acid  on  strips  of  zinc 
FiS-  49-  placed   in   a   suitable  bottle,  fur- 

nished with  a  tube  to  discharge 
the  gas  under  water,  so  that  it 
may  be  collected  in  the  same  way 
as  oxygen.  The  figure  (49)  re- 
presents a  convenient  apparatus 
for  obtaining  small  quantities.  In 
this  process,  water  (HO)  is  de- 
composed, the  oxygen  combines 
with  the  zinc,  and  the  hydrogen 
is  made  free;  the  sulphuric  acid 
now  combines  with  the  oxide  of 
zinc  to  form  its  sulphate. 

Characters. — The  pure  gas  is 
inodorous,  colorless,  and  taste- 
less ;  it  is  the  lightest  known  ele- 
ment, its   specific  gravity  being 
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0.0694;  100  cubic  inches  weigh  2.1  grains.  It  is  scarcely  solu- 
ble in  water,  and  has  not  been  liquefied  by  pressure.  It  is  a 
powerful  refractor  of  light  as  compared  with  other  gases. 

Properties. — Hydrogen  gas  is  highly  inflammable,  but  not  a 
supporter  of  combustion.  An  excess  of  this  body  frequently  en- 
dows its  compounds  with  inflammability  as  in  coal  gas,  oils,  rosin, 
wax,  alcohol  and  ether.  It  is  electro-positive,  and  its  chemical 
habitudes  are  those  of  a  metal ;  indeed,  it  is  isomorphous  with 
magnesia,  lime,  zinc,  copper,  &c.  The  fact  of  its  gaseous  form 
is  no  obstacle  to  this  view,  for  mercury  is  a  fluid,  and  readily 
volatilized. 

In  the  modern  theory  of  saline  substances,  called  the  binary 
theory,  hydrogen  is  treated  as  the  active  agent  of  most  acids.  See 
nitric  acid.  Mixed  with  oxygen  in  equal  parts,  or  with  air  in 
the  proportion  of  1  to  1\  parts,  it  forms  a  violently  explosive 
compound,  when  acted  on  by  the  electric  spark  or  by  heat,  the 
product  of  the  action  being  water.  Spongy  platinum  condenses 
hydrogen  to  such  an  extent  as  to  become  red  hot  by  the  evolution 
of  its  latent  heat.  It  is  irrespirable,  but  not  poisonous,  and  will 
be  found  a  constituent  of  nearly  every  organic  body,  whilst  with 
the  exception  of  water  it  is  rare  in  the  inorganic  world. 

Uses,  4*c. — Its  levity  suggested  the  employment  of  the  gas  in 
filling  baloons,  and  it  is  the  best  agent  for  this  purpose,  but  too 
expensive  ;  common  coal  gas,  which  is  a  compound  of  hydrogen 
with  carbon  (CH)  is  now  used.  It  is  of  no  physiological  inte- 
rest, except  that  if  inhaled,  it  produces  a  remarkable  effect  on  the 
voice,  reducing  its  volume  to  a  whisper. 

The  heat  of  its  flame,  when  burning  in  air,  is  very  high  ;  and 
this  fact  induced  Professor  Hare  to  make  experiments  on  the  use 
of  hydrogen  as  a  source  of  intense  heat  when  burnt  in  an  atmo- 
sphere of  pure  oxygen.  In  this  way  was  originated  his  famous  hy- 
dro-oxygen blowpipe,  now  extensively  employed  in  the  arts.  This 
instrument  consists  of  two  reservoirs,  containing  the  gases  oxygen 
and  hydrogen  in  the  separate  state,  and  under  considerable  pres- 
sure ;  and  a  metallic  tube  passing  from  either  to  a  jette  of  a  particu- 
lar construction.  The  jette  is  made  by  stuffing  a  stout  tube  with  fine 
wire,  and  then  passing  it  through  a  drawing  plate  as  in  the  manu- 
facture of  wire  ;  by  this  means  the  whole  becomes  compact,  the 
intervals  between  the  wires  becoming  so  minute,  that  the  flame 
of  the  blow-pipe  cannot  travel  backwards,  and  act  on  the  gases. 
The  flow  of  the  gases  is  regulated  by  stop-cocks,  the  amount 
issuing  being  in  the  proportion  of  one  volume  of  oxygen  to  two 
of  hydrogen.  The  heat  of  the  inflamed  jette  of  gas  is  more  in- 
tense than  that  of  the  fiercest  furnace,  and  melts  platinum,  iridium, 
osmium,  and  other  bodies  formerly  esteemed  infusible. 

The   brilliant  phosphorescence,  occurring  in  lime  and  other 
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bodies  when  heated  before  this  flame,  has  produced  hopes  that 
an  improved  means  of  illumination  may  be  effected  by  its  means. 
Lieut.  Drummond's  light,  used  in  the  light-houses  of  England, 
is  derived  from  incandescent  lime.  In  this  case,  a  stream  ot  oxy- 
gen is  thrown  upon  the  flame  of  oil  or  coal  gas  for  the  production 
of  the  heat.  .  „  . 

Compounds.— Hydrogen  has  an  extensive  range  ot  affinity; 
but  we  are  only  prepared  to  examine  its  compounds  with  oxygen. 
These  are  two,  HO,  or  water,  and  H02,  the  peroxide  of  hy- 
drogen. 

WATER OXIDE  OF  HYDROGEN HYDRIC  ACID. 

Formula,  HO.  Equivalent,  9. 
Pure  water  does  not  exist  in  nature ;  in  rains,  rivers,  and  other 
sources,  it  always  contains  saline  and  gaseous  matters.  Rain 
water  is  the  purest.  It  is  obtained  pure  by  careful  distillation, 
and  consists  of  one  atom  of  hydrogen  (H)  united  with  one  of 
oxygen  (O)  ;  its  combining  number  is  therefore  1  +  8  =  9.  This 
composition  may  be  proved  by  analysis,  and  by  synthesis.  If 
vapor  of  water  be  passed  through  a  red  hot  iron  tube,  the  iron 
unites  with  its  oxygen,  and  hydrogen  passes  over.  By  the  gal- 
vanic battery,  water  is  decomposed  into  one  volume  of  oxygen 
and  two  of  hydrogen,  or  by  weight  8  parts  of  the  former  to  1  of 
the  latter.  If  these  gases  be  now  mixed  and  exploded  by  heat  or 
the  electric  spark,  they  recombine,  and  form  water  again.  This 
is  the  synthetical  proof.  The  burning  of  hydrogen  in  air  is  always 
attended  with  the  production  of  water. 

Characters. — Pure  water  is  tasteless,  inodorous  and  almost 
colorless;  sp.  gr.  1.00  at  60°  F. ;  1  cubic  inch  weighs  252.45 
grs.  It  boils  at  212°,  and  solidifies  into  ice  at  32°  F.  The  sp. 
gr.  of  its  vapor  is  0.6201,  and  of  ice  at  32°  0.916.  It  is  a  good 
refractor  of  light,  an  indifferent  conductor  of  electricity,  and  al- 
most a  non-conductor  of  heat.  It  is  slightly  compressible,  dimi- 
nishing but  22^ootn  m  bulk  °y  one  atmosphere,  but  is  elastic. 

Properties. — It  is  one  of  the  most  extraordinary  solvents,  or 
to  speak  more  precisely,  it  exerts  a  capillary  affinity  for  most 
bodies.  It  dissolves  numerous  saline  bodies,  a  portion  of  many 
gases,  and  exerts  a  great  affinity  towards  the  greater  number  of 
organic  substances.     In  these  cases  its  action  is  neutral. 

Towards  many  acids  it  acts  as  a  base;  thus  in  strong  sulphuric 
acid  we  find  the  presence  of  an  atom  of  water,  its  formula  being 
HO-fSOj,  and  besides  this  there  are  three  other  compounds  of 
sulphate  of  water.  Nitric,  phosphoric,  oxalic,  acetic  and  other 
acids,  display  the  same  structure.    In  these  cases,  the  water  is  said 
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to  be  basic,  and  it  acts  precisely  like  any  metallic  oxide  of  the 
same  group.  Indeed,  in  producing  salts  of  zinc,  copper,  &c,  with 
these  acids,  the  water  salt  is  changed  by  the  substitution  of  the 
metal  for  hydrogen,  HO-fS03  becoming  MO  + S03  (in  which 
M  is  the  metal)  with  the  evolution  of  hydrogen. 

With  bases,  on  the  other  hand,  it  combines  as  an  acid,  the 
hydric,  as  in  the  hydrates  of  potash,  soda,  lime,  baryta,  &c,  the 
formulas  of  which  are  KO  +  HO,  NaO  +  HO,  CaO  +  HO,  &c. 

In  numerous  crystalline  bodies,  it  is  an  essential  constituent, 
for  when  driven  off  by  heat  they  become  amorphous.  In  this 
case.it  is  called  water  of  crystallization,  and  written  Aq  after  the 
formula — thus  crystallized  oxalic  acid  is  HO,C203-r-2Aq,in  which 
the  first  term  HO  is  basic  water,  and  the  last  2Aq  indicates  two 
atoms  of  water  of  crystallization.  This  may  be  driven  off  by  heat, 
without  changing  the  chemical  properties  of  the  body  ;  whereas, 
any  attempt  to  remove  the  HO,  is  attended  with  the  destruction 
of  the  oxalic  acid. 

The  combination  of  the  elements  of  water  is  not  of  the  most 
permanent  kind,  although  the  chemical  union  is  stable,  for  water 
is  readily  decomposed  by  many  metals,  by  some  in  the  cold,  as 
potassium,  sodium,  lithium,  barium,  calcium,  &c,  by  others,  as 
iron,  zinc,  manganese  when  red  hot.  In  plants,  it  is  continually 
decomposed,  as  well  as  in  various  processes  of  nature.  On  the 
other  hand,  it  is  equally  readily  formed  whenever  nascent  hy- 
drogen is  presented  to  nascent  oxygen,  where  there  is  no  metal 
or  other  active  agent  present.  In  the  human  body,  all  the  tissues 
are  oxydized  by  the  changes  therein,  and  hydrogen  being  one  of 
their  chief  components,  is  converted  into  water  by  this  action. 

Uses. — Its  principal  use  is  as  a  solvent  in  the  arts,  and  as  an 
essential  substance  to  the  existence  of  animals  and  plants.  The 
bodies  of  animals  consist  of  nearly  TVhs  of  water,  and  death  is 
as  certainly  produced  by  its  abstraction  as  by  starvation ;  indeed, 
life  cannot  appear  without  water.  As  a  medium  for  the  dilution 
of  medicines,  and  the  employment  of  cold  and  warmth  in  dis- 
eases, it  is  also  valuable. 

Peroxide  of  Hydrogen — H02. — This  is  very  difficult  of  pre- 
paration, and  cannot  be  kept;  but  is  remarkable  from  possessing 
the  action  of  a  ferment,  although  a  strictly  inorganic  body.  It  is 
dense,  but  like  water,  when  heated,  it  evolves  oxygen  ;  at  a  high 
temperature,  it  does  so  explosively.  Most  metals  introduced  into 
it  cause  its  rapid  decomposition  into  water  and  oxygen,  acting 
catalytically,  and  undergoing  no  change  themselves  ;  this  action 
is  sometimes  attended  with  the  evolution  of  much  heat.  But  if 
we  add  the  oxides  of  silver,  gold  or  platinum,  to  the  peroxide, 
they  become  decomposed  also  ;  thus  the  chemical  decomposition 
of  the  fluid  is  propagated  to  the  oxides  in  the  same  way  as  the 
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changes  going  on  in  yeast  are  communicated  to  a  solution  of 

grape  sugar.  ..•',.  u  ,  •     e 

It  also  possesses  bleaching  and  stimulating  properties,  but  is  of 
no  practical  value  from  the  difficulty  attending  its  preparation. 


NITROGEN. 

Synonyme,  Azote.  Symbol,  N.  Equivalent,  14.0. 
Nitrogen  abounds  in  the  atmosphere  as  a  gas,  combined  with 
oxygen;  this  is  its  inactive  or  beta  state,  in  which  it  is  almost 
destitute  of  active  properties  ;  but  it  also  exists  in  the  alpha  or 
nascent  state,  and  is  then  one  of  the  most  active  elements,  and 
particularly  in  organic  compounds,  to  which  it  is  almost  confined. 

Gaseous  nitrogen  is  readily  procured  for  experiment,  by  burn- 
ing a  little  phosphorus  in  a  glass  jar  inverted  over  water.  The  air 
of  the  jar  is  a  mixture  of  4  parts  nitrogen  and  1  oxygen,  which 
latter  unites  with  the  phosphorus  to  produce  phosphoric  acid, 
which  is  dissolved  by  the  water.  The  remaining  gas  is  there- 
fore nitrogen,  but  is  slightly  impure. 

Characters. — An  inodorous,  tasteless,  colorless,  permanent  gas; 
sp.  gr.  0.976 ;  100  cubic  inches  weigh  30.14  grs.  at  60°^.  ;  al- 
most insoluble  in  water,  100  volumes  taking  up  but  H  of  the 
gas.  Its  refractive  power  is  also  much  less  than  that  of  hy- 
drogen. .  . 

Properties. — As  a  gas,  it  is  almost  without  properties,  being 
neither  inflammable,  nor  a  supporter  of  combustion  nor  respirable; 
but  it  is  not  poisonous,  and  appears  indifferent  to  nearly  every 
agent.  But  in  the  alpha  state  it  combines  with  avidity  with  oxygen 
and  hydrogen.  Those  animal  bodies,  which  are  spontaneously- 
fermentable,  contain  the  largest  amount  of  this  body;  the  alka- 
loids, strychnine,  prussic  acid,  and  many  poisons,  also  contain  it. 
The  only  substances  capable  of  sustaining  the  life  of  animals  or 
developing  plants,  are  nitrogenized.  Most  of  its  compounds  are 
unstable  and  readily  decomposed  ;  some,  as  the  quadrochloride  of 
nitrogen,  are  explosive. 

Uses. — Gaseous  nitrogen  is  not  applied  to  any  purpose  in  the 
arts;  but  in  nature  it  serves  to  dilute  the  oxygen  of  the  atmo- 
sphere, and  render  it  fit  to  sustain  the  respiration  of  animals. 

THE  ATMOSPHERE. 

This  is  a  vaporous  shell,  surrounding  the  earth,  in  which  every- 
thing that  is  volatile  is  accumulated.  It  has  an  altitude  of  be- 
tween 43  and  45  miles.  Its  main  components  are  in  the  100 
volumes,  20.8  oxygen,  and  79.2  nitrogen  ;  or,  by  weight,  23.04 
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parts  oxygen  to  76.96  of  nitrogen.  It  also  contains  vapor  of 
water  (see  p.  39) ;  carbonic  acid,  in  quantity  varying  between  4 
and  6  parts  in  10.000  ;  according  to  Liebig,  one  part  in  70.000 
of  ammonia;  and  in  particular  situations,  as  over  marshes,  gas- 
eous compounds  of  hydrogen,  with  carbon,  phosphorus  and  sul- 
phur have  been  detected. 

Analysis. — The  analysis  of  air  offers  a  specimen  of  the  ex- 
amination of  gases,  and  the  process  called  Audiometry.  There 
are  several  means  of  conducting  the  investigation,  but  the  fol- 
lowing is  most  common.  A  given  weight  of  the  air  or  gas  to  be 
examined  is  first  dried,  by  passing  it  through  a  tube  containing 
chloride  of  calcium,  into  a  vacuum  formed  in  a  glass  vessel ;  the 
loss  of  weight  indicates  the  moisture  present.  It  may  then  be 
introduced  into  a  graduated  tube,  over  mercury,  and  half  its  bulk 
of  pure  hydrogen  gas  added.  The  tube  used  for  this  pur- 
pose is  called  Ure's  Eudiometer,  and  is  depicted  in  the  figure. 
It  is  bent,  and  closed  at  one  end  ;  in  the  upper  part  of  the  sealed 
end  are  introduced  two  platina  wires,  one  from  either  side,  with 
their  ends  within  a  tenth  of  an  inch  from  each  other,  for  the  pur- 
pose of  allowing  the  electric  spark  to  pass  from  one  to  the  other 
through  the  mixture  of  gases.  The  central  parts  are  filled  with 
the  fluid,  and  some  air  is  left  under  the  finger  in  the  long  leg  to 
receive  the  shock  of  the  explosion,  which  follows  the  union  of 
the  oxygen  and  hydrogen.  When  used,  it 
is  handled  as  in  the  figure,  and  the  knob  of 
the  outer  wire,  brought  in  contact  with  the 
prime  conductor  of  the  electrical  machine. 
The  oxygen  present  unites  with  the  hy- 
drogen to  form  water,  and  a  considerable 
deficit  occurs  in  the  gaseous  volume,  which 
is  measured  by  reference  to  the  graduated 
part  of  the  tube,  after  sufficient  mercury  has 
been  introduced  to  rise  to  the  same  height  in 
both  legs  ;  one-third  of  the  deficit  is  oxygen. 
The  carbonic  acid  can  only  be  determined 
when  large  quantities  of  air  are  used,  by 
passing  it  through  a  solution  of  potash,  and 
weighing  the  increase,  which  will  be  due  to 
carbonic  acid.  Other  means  may  be  em- 
ployed, but  the  above  will  be  a  sufficient 
illustration  of  the  general  plan  of  examining  gases. 

State  of  Combination — Diffusion  of  Gases. — In  consequence 
of  the  proportion  of  oxygen  being  nearly  -|th,  and  nitrogen  jths, 
it  was  formerly  thought  that  the  air  was  a  chemical  com- 
pound of  these  elements,  but  in  the  present  day,  it  is  allowed  on 
all  hands  to  be  a  capillary  mixture.     The  air  has  the  properties 
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of  its  components  ;  its  parts  are  readily  separated,  as  is  seen  in 
every  case  of  combustion,  in  which  its  oxygen  is  active.  It  pos- 
sesses the  bulk,  of  its  components  without  condensation,  and  their 
average  weight  and  refracting  power.  Its  specific  gravity  is  the 
unit  for  gases  and  vapors,  and  100  cubic  inches  weigh  30.14 
grains.  .  _  t      . 

But,  it  will  be  asked,  what  is  a  capillary  mixture?  It  has  been 
found  that  gases  pass  into  one  another  without  impediment,  or, 
to  express  it  in  the  words  of  Dr.  Dalton,  as  into  a  vacuum.  This 
is  true,  also,  for  vapors.  When  two  or  more  gases,  or  vapors, 
are  presented  to  one  another,  they  mingle  with  great  rapidity,  and 
the  resulting  mixture  becomes  uniform,  its  bulk  being  the  sum 
of  the  volumes  of  all.  This  takes  place  irrespective  of  their  dif- 
ferent densities,  or  other  properties— thus  carbonic  acid,  if  con- 
fined in  a  vessel  under  hydrogen,  will  rise  into  it,  and  the  hydro- 
gen will  descend,  notwithstanding  that  the  sp.  gr.  of  the  first  is 
1.524,  and  that  of  the  second  only  0.0694,  or  that  one  is  22  times 
heavier  than  the  other.  This  phenomenon  results  from  the  ex- 
tremely porous  nature  of  gases,  and  the  absence  of  the  cohesive 
force  in  them,  or  is  due  to  capillary  affinity,  and  called  the  diffu- 
sion of  gases.  It  is  in  virtue  of  their  diffusiveness  that  the  gases 
of  the  air  are  found  in  all  places  mingled  in  the  same  proportion, 
and  that  vapor  of  water  and  gases  evolved  from  the  earth  are  dis- 
sipated in  the  atmosphere. 

This  action  occurs  even  when  the  bodies  are  separated  by 
membranes,  a  film  of  water,  or  a  stratum  of  any  porous  material, 
as  unglazed  earthenware,  chalk,  stucco,  &c.  But  the  material, 
in  most  cases,  exerts  a  condensing  action  on  some  of  the  gases. 
If  we  cover  a  glass  jar,  containing  carbonic  acid,  with  an  air-tight 
film  of  Indian  rubber,  it  will  be  found  that  the  Indian  rubber  will 
soon  begin  to  lose  its  horizontal  form  and  curve  inwards;  in  a 
few  hours  it  will  be  quite  concave ;  but  sooner  or  later  it  will 
begin  to  rise  again,  and  after  a  day  or  two,  will  return  to  its  plane 
figure.  This  experiment  illustrates  the  passage  of  gases  through 
tissues,  but  it  also  shows  their  condensing  power,  for  the  in-curv- 
ing of  the  Indian  rubber  is  due  to  the  escape  of  carbonic  acid  into 
the  air  and  its  condensation ;  this  is  much  more  rapid  than  the 
penetration  of  the  air  from  without,  and  the  figure  of  the  mem- 
brane expresses  the  difference;  but,  after  a  few  days,  an  equili- 
brium is  attained  after  as  much  air  has  passed  inwards  as  there 
was  gas  diffused  from  the  jar. 

But,  independently  of  the  action  of  tissues  and  porous  bodies, 
the  rate  of  diffusion  differs,  being,  according  to  Professor  Graham, 
less  as  the  density  increases,  or  inversely  as  the  square  root  of 
the  density.  The  rise  of  vapors  into  air  also  takes  place  accord 
ing  to  this  law. 
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It  is  by  the  diffusion  of  gases  that  the  blood  becomes  arterial- 
ized.  Venous  blood,  presenting  itself  in  the  lungs  to  the  mucous 
membrane  of  the  air  cells,  is  brought  in  contact  with  the  gases  of 
the  atmosphere;  and  there  being  a  considerable  capillary  affinity 
between  the  fluid  and  oxygen,  and  little  or  none  for  nitrogen,  the 
former  is  condensed,  and  enters  the  circulating  fluid,  altering  its 
characters.  At  the  same  time,  the  carbonic  acid,  suspended  in  the 
blood,  diffuses  off  into  the  gas  of  the  air  cells,  which  contains 
but  little  before  this  action  transpires,  and,  therefore,  acts  as  a 
vacuum  towards  it.  More  oxygen  enters  than  carbonic  acid 
escapes,  the  difference  being  in  the  proportion  of  their  diffusive 
power,  or  diffusion  volume,  or  as  1000.  of  carbonic  acid  to 
1175.85  of  oxygen.  These  numbers  are  derived  from  the  elabo- 
rate researches  of  Brunner  and  Valentin,  and  are  perfectly  coin- 
cident with  the  calculations  of  Professor  Graham.  Hence,  the 
diffusion  of  gases  in  the  function  of  respiration  is  a  process  purely 
mechanical,  and  altogether  independent  of  any  vital  action.  For 
the  further  investigation  of  respiration,  see  the  section  on  that  sub- 
ject in  animal  chemistry. 

I  have  shown  that  the  passage  of  carbonic  acid,  from  the  air 
into  plants,  and  the  expiration  of  oxygen  and  nitrogen,  are  equally 
mechanical  functions;  such  gases  entering  as  are  solicited  by  the 
composition  of  the  plant  gas,  and  others,  passing  outwards,  as 
they  are  in  excess,  over  the  atmospheric  mixture.  Membranes 
are,  however,  barriers  to  diffusion,  for  some  gases  do  not  pene- 
trate them  under  certain  circumstances.  Diffusion,  whether  from 
an  open  vessel  or  through  porous  systems,  continues  until  the  gas 
on  both  sides  becomes  identical  in  mixture,  if  no  part  of  it  be 
removed  by  chemical  or  other  causes. 

Mechanical  Properties  of  the  Atmosphere. — Air,  like  all  the 
gases,  is  eminently  elastic  and  compressible,  and  its  physical  pro- 
perties turn  upon  these  qualities.  It  has  weight,  as  may  be 
shown  by  exhausting  a  vessel  by  the  air  pump,  weighing;  and 
then  allowing  air  to  enter  again,  and  re-weighing ;  100  cubic  inches 
weigh  about  30.14  grains.  The  action  of  wind  is  a  direct  con- 
sequence of  its  weight.  But  we  find  that  if  100  cubic  inches  be 
examined  on  the  summit  of  a  mountain  of  considerable  elevation, 
it  will  not  weigh  so  much,  and  the  higher  we  ascend,  the  less  its 
weight.  Observations  on  this  subject,  prove  that  the  diminution 
is  not  according  to  a  simple  progression,  but  that  as  the  distances 
increase  from  the  earth's  surface,  the  densities  diminish  in  a  geo- 
metrical progression.  Thus,  at  the  distance  of  2.704  miles,  the 
density  of  the  air  is  one  half  of  the  number  at  the  sea  level ;  now, 
at  double  this  height,  or  5.41  miles,  it  is  only  |th,  at  10.82  miles 
TVth,  and  at  16.23  miles  ^th.  In  these  instances,  if  the  altitudes 
be  made  to  follow  an  arithmetical  progression,  the  densities  are 
in  an  inverse  geometrical  order.     This  arises  from  the  condensi- 
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bility  of  air,  for  those  parts  near  the  earth  being  pressed  upon  by 
the  bulk,  above,  are  condensed,  become  heavier,  and  exert  more 
pressure. 

The  barometer  is  a  simple  and  useful  instrument,  for  the  mea- 
surement of  the  weight  or  pressure  of  the  air  under  different  cir- 
cumstances. If  we  select  a  glass  tube,  of  about  33  inches  in 
length,  seal  one  end  hermetically,  fill  it  with  pure  mercury,  and 
then  placing  the  finger  over  the  open  end,  invert  it  into  a  cup  of 
quicksilver,  and  remove  the  finger,  it  will  be  found  that  the  fluid, 
after  a  few  oscillations,  comes  to  rest,  and  at  the  sea-level  stands 
at  30  inches  or  thereabouts  ;  this  instrument,  furnished  with  a 
scale  graduated  in  inches,  is  a  barometer.  A  few  niceties  are 
necessary  in  making  a  fine  instrument,  such  as  boiling  the  mer- 
cury in  the  tube,  &c,  which  do  not  affect  the  principle  of  the 
instrument. 

In  this  case,  the  mercury  is  sustained  by  the  pressure  of  the 
air  on  the  outside  of  the  cup ;  it  will  rise  no  higher  whatever  the 
length  of  the  tube,  all  the  portion  above  the  fluid  being  a  vacuum, 
and  called  the  Torricellian  vacuum.  We  can  readily  prove 
that  the  mercury  is  sustained  by  the  pressure  of  the  air ;  for, 
upon  placing  the  cup  under  an  air-pump,  and  removing  the  air, 
the  column  sinks  in  proportion  to  the  rarefaction.  If  we  ascend 
mountains  with  the  barometer,  the  mercury  falls,  representing 
accurately  the  density  of  the  air,  and  it  has  been  employed  for 
the  admeasurement  of  altitudes. 

The  actual  pressure  of  the  air  is  readily  ascertained  by  weigh- 
ing the  mercury  in  a  tube  of  a  given  section  ;  thus,  if  the  tube 
be  one  square  inch  in  bore,  the  mercury  weighs  14.9  lbs.,  or 
as  is  more  commonly  said,  15  lbs.,  on  the  square  inch.  This  re- 
presents the  weight  and  pressure  of  a  column  of  air  from  the 
earth's  surface  to  the  limit  of  the  atmosphere,  and  is  called  a 
pressure  of  one  atmosphere  in  mechanics,  and  when  speaking  of 
the  condensation  of  gases.  That  the  pressure  does  not  exceed 
this  amount,  may  be  proved  by  ascertaining  the  weight  of  other 
columns  of  fluid  of  the  same  section,  as  water  ;  it  will  be  found 
that  about  30  feet  of  water  are  sustained  by  the  atmospheric 
pressure,  which  weigh  but  14*9  lbs.  No  vacuum,  however  per- 
fect in  a  pump,  can  draw  water  higher  than  this,  because  the 
pressure  of  the  atmosphere  fails. 

The  barometer  not  only  indicates  the  elevation  of  any  place 
above  the  level  of  the  sea,  but  also  the  variation  in  pressure  to 
which  the  atmosphere  of  any  place  is  subject.  The  action  of 
wind  and  heat  in  producing  upward  currents,  the  different  specific 
gravity  of  moist  and  dry  air,  are  so  many  causes  of  change  per- 
petually operating  on  this  instrument.  By  variations,  originating 
in  these  and  similar  causes,  it  is  subject  at  the  sea  level  to  fluc- 
tuations between  31  inches  and  27  inches,  and,  as  a  general  rule, 
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the  dryer  and  calmer  the  air,  the  higher  it  rises,  and  the  moister 
and  more  windy,  the  lower  it  falls.  Hence  it  is  called  a  weather- 
glass, because  when  low  it  often  indicates  rain,  and  when  high, 
fine,  dry  weather.  Indeed,  taken  with  the  dew-point,  it  furnishes 
measures  of  great  value  to  the  meteorologist. 

Like  all  other  gases,  air  follows  the  rule  of  condensation  termed 
Marriotte's  law,  and  already  given.  The  atmosphere  is  also 
colder  as  we  ascend,  in  consequence  of  its  non-conducting  power 
and  its  distance  from  the  earth ;  on  this  subject  we  have  already 
treated  in  the  chapter  on  heat.  Like  all  gases,  it  offers  little 
impediment  to  the  passage  of  light  and  heat  through  its  parts. 
Being  under  considerable  pressure  at  the  earth's  surface,  it  pene- 
trates the  pores  of  solids  and  fluids,  and  may  be  drawn  from 
them  by  removing  the  pressure,  as  under  the  air-pump.  A 
number  of  familiar  experiments  are  devised  to  prove  its  weight, 
pressure,  elasticity,  condensibility,  &c,  which  it  is  unnecessary 
to  describe  in  this  place. 

The  color  of  the  air  is  due  to  the  absorption  of  some  of  the 
rays  of  light  in  their  passage ;  the  red  and  yellow  are  chiefly 
affected,  the  blue  being  transmitted  almost  without  loss.  The 
golden  hues  of  sunset  are  produced  on  the  other  hand,  by  the 
absorption  of  the  blue  by  vapor  of  water.  Heat  is  also  slightly 
absorbed  by  great  thicknesses  of  air. 

Importance  of  the  Atmosphere. — We  have  nothing  to  say  on 
its  mechanical  importance,  but  only  on  its  relations  to  animals 
and  plants.  The  laws  regulating  its  temperature  and  degree  of 
moisture,  and  the  formation  of  clouds,  have  been  adduced  in  the 
chapter  on  heat.  Without  its  presence,  animal  and  vegetable  life 
would  be  impossible ;  indeed,  the  connection  between  the  consti- 
tution of  the  air  and  the  forms  of  existence  is  complete  ;  the  at- 
mosphere in  remote  ages  being  materially  different  from  its  com- 
position now,  the  plants  and  animals  have  also  differed.  It  has 
been  called  a  reservoir  for  everything  that  is  gaseous  or  vaporous 
on  the  earth,  and  geology  reveals  a  period  when  nearly,  if  not  all 
the  water  and  carbonic  acid  gas  now  condensed,  were  in  the 
atmosphere.  At  those  periods,  existence  would  be  impossible, 
and  the  gradual  appearance  of  successive  races  on  the  earth  is 
more  intimately  connected  with  the  subsidence  of  gases  and 
vapors  than  with  any  other  cause  except  heat.  The  epoch  when 
gigantic  plants  flourished,  to  the  exclusion  of  land  animals,  was 
necessarily  associated  with  a  large  amount  of  carbonic  acid  in  the 
atmosphere,  which  is  one  of  the  chief  aliments  of  vegetables  and 
deleterious  to  animals. 

As  respects  the  gases  of  the  air,  plants  possess  a  function  en- 
tirely different  from  animals ;  they  absorb  its  carbonic  acid  and 
ammonia,  and  exhale  oxygen  and  nitrogen ;  whilst  animals  in- 
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spire  oxygen  and  exhale  carbonic  acid.  Plants  purify  the  air 
for  animals,  and  at  one  time  this  action  was  supposed  to  be  es- 
sential to  the  maintenance  of  animal  life ;  but  we  now  know  that 
by  diffusion,  the  gases  are  so  completely  mixed,  that  no  change 
can  affect  the  atmosphere  except  it  be  on  a  prodigious  scale.  It 
is  calculated  by  Prof.  Dumas  that  the  whole  atmosphere  weighs 
as  much  as  581.000  cubes  of  copper,  one  kilometre  (about  1094 
yards,  or  f  ths  of  a  mile),  on  the  side ;  its  oxygen  being  134"000 
such  cubes.  On  the  extreme  calculation,  that  there  may  be  four 
thousand  millions  of  animals  on  the  earth,  these  will  not  consume 
more  than  15  to  16  cubes  of  the  oxygen  in  the  year.  Hence, 
whilst  it  is  true  that  animals  consume  oxygen,  and  plants  car- 
bonic acid,  there  is  no  change  in  the  atmosphere — these  bodies 
being  restored  by  expiration,  and  in  the  final  decomposition  to 
which  all  living  things  are  destined.  The  particular  changes 
which  occur  in  animal  and  vegetable  respiration  will  be  consi- 
dered in  the  part  of  this  book  devoted  to  organic  chemistry. 

The  atmosphere  is  of  great  interest  in  a  chemical  point  of 
view ;  its  active  agents,  oxygen,  carbonic  acid  and  vapor  of 
water,  are  incessantly  acting  on  bodies.  Oxygen  is  essential  to 
combustion,  which  cannot  take  place  without  it;  it  also  causes 
the  rusting  of  iron,  and  acts  upon  animal  and  vegetable  bodies, 
inducing  fermentation  and  decomposition.  It  loses  little  of  its 
chemical  energy  by  union  in  the  atmosphere.  Carbonic  acid  acts 
upon  the  alkalies,  on  lime,  &c,  converting  them  into  carbonates, 
and  rendering  certain  precautions  necessary  in  their  analysis  and 
preservation.  The  different  amounts  of  this  gas  in  the  air  are 
dependent  upon  the  action  of  rain,  and  prolonged  dry  weather; 
in  the  latter  case,  it  accumulates  ;  it  also  rises  in  amount  during 
dry,  gloomy  weather;  but  rain  washes  it  out  of  the  atmosphere, 
bringing  it  down  to  the  minimum.  The  vapor  of  water  is  constantly 
acting  on  certain  saline  bodies,  causing  their  deliquescence;  it  also 
affects  the  weight  of  gases,  and  bodies  which  have  a  great  affinity 
for  moisture.  Its  presence  is  highly  conducive  to  the  develop- 
ment of  vegetation  by  arresting  evaporation,  which,  if  ex  -essive, 
causes  the  destruction  of  plants. 

CHEMICAL  COMPOUNDS  OF  NITROGEN. 

We  propose  to  consider  in  this  place  the  compoui  of  ni- 
trogen, with  oxygen  and  hydrogen.  There  are  five  co  ipounds 
with  oxygen : — 

1.  The  protoxide  of  nitrogen  =  NO 

2.  The  deutoxide  (binoxide)  of  nitrogen  =  NO, 

3.  Hyponitrous  acid  =  N03 

4.  Nitrous  acid  =  N04 

5.  Nitric  acid  =  NO. 
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And  three  compounds  with  hydrogen  : 

1.  Amidogene    =  NH"2 

2.  Ammonia      =  NH3 

3.  Ammonium  =  NH„ 

The  Protoxide  of  Nitrogen — Nitrous  Oxide.  Formula 
NO ;  eq.  22.0.— This  gas  is  obtained  with  great  facility,  by  heat- 
ing the  crystallized  nitrate  of  ammonia  in  a  retort,  and  collecting 
the  product  in  suitable  receivers.  The  composition  of  this  salt 
is  NH40-rN05,  and  the  heat  splits  it  into  2  (NO),  2  atoms  of 
protoxide  of  nitrogen,  and  4  (HO),  4  atoms  of  water,  producing 
a  new  grouping. 

Characters. — It  is  colorless,  without  odor,  and  of  a  sweetish 
taste,  sp.  gr.  1.527.  Water  dissolves  about  three-fourths  of  its 
own  volume  when  cold,  and  but  little,  when  heated  above  90°  F. 
It  may  be  liquefied,  and  even  rendered  solid  by  cold  and  great 
pressure. 

Properties. — It  is  not  inflammable,  but  is  a  good  supporter  of 
combustion.  It  does  not  possess  chemical  activity,  excepting  so 
far  as  the  separation  of  its  oxygen  is  concerned,  for  in  the  com- 
bustion of  bodies  in  this  gas,  decomposition  ensues,  and  nitrogen 
is  set  free  ;  the  oxygen  being  the  active  agent.  When  it  is  in- 
spired, the  circulation  is  hurried,  and  an  excited  state  of  the  brain 
and  muscular  system  is  produced.  Hence,  it  has  been  called  the 
laughing  or  intoxicating  gas.  Its  physiological  action  is  as 
follows:  containing  half  its  volume  of  oxygen  gas,  and  beino- 
readily  absorbable  by  moist  surfaces,  it  passes  rapidly  into  the 
blood  when  inspired.  This  fluid,  rendered  abnormally  rich  in 
oxygen,  circulates  faster,  and  produces  changes  in  the  system 
much  more  rapidly  than  usual,  hence  increase  of  heat,  greater 
muscular  and  mental  activity — for  all  these  functions  are  dependent 
on  the  action  of  oxygen  in  arterial  blood. 

Therapeutic  Uses. — It  is  not  for  amusomerit  only  that  this  gas 
may  be  employed  ;  it  is  an  agent  of  great  valur  in  restoring  life  in. 
cases  orasphyxia,  arising  from  narcotism,  ether,  drowning,  carbonic 
acid  g^',  or  any  other  cause.  For  this  purpose,  air  mixed  with 
one-ha  protoxide  of  nitrogen  may  be  thrown  into  the  lungs  by 
artifici  respiration,  and  if  the  blood  have  not  entirely  lost  its 
fluidit  !ie  current  will  be  re-established.  It  is  superior  to  oxygen 
for  this)  urpose,  from  its  ready  solubility.  We  have  great  faith 
in  the  employment  of  this  agent  with  the  galvanic  battery  in  cases 
of  drou    ing. 

A  sob  'ion  of  protoxide,  under  pressure,  similar  to  the  carbo- 
nated water,  appears  to  us  to  promise  good  effects  in  cases  of 
dyspepsia,  and  want  of  tone  in  the  chylopoietic  viscera.  It 
16 
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would  furnish  an  agreeable  and  healthy  stimulus,  and  be  alto- 
gether superior  in  its  action  to  oxygenated  water,  which  has  been 
recommended  in  similar  cases. 

Deutoxide  of  Nitrogen — Binoxlde  of  Nitrogen — Nitric 
Oxide.  NOa;  eq.  30.0. — A  gas  procured  by  pouring  nitric  acid 
on  copper,  and  collecting  the  product  over  water  in  a  receiver. 

Characters. — Colorless,  inodorous,  sp.  gr.  T04.  Water  dis- 
solves five  per  cent,  of  its  volume. 

Properties. — It  neither  supports  combustion,  nor  is  inflam- 
mable, but  heated  phosphorus  continues  to  burn  in  it  by  decom- 
posing the  mixture.  Iron  and  other  bodies  separate  half  its 
oxygen  to  become  oxydized.  When  it  is  introduced  into  a  gase- 
ous mixture  containing  oxygen,  as  the  air,  it  produces  red  fumes 
of  nitrous  acid,  and  has  been  therefore  used  in  the  analysis  of 
such  mixtures.  For  this  purpose,  an  equal  volume  of  deutoxide 
is  added  over  water  in  a  slow  stream,  the  resulting  nitrous  acid 
is  soon  absorbed,  and  one-fourth  of  the  deficit  represents  the 
oxygen  of  the  mixture.     It  is  irrespirable. 

Hyponitrous  Acid — Nitrous  acid  {Graham).  N03;  eq.  38.0. 
— This  is  an  instable,  yellowish,  acid  and  volatile  fluid  in  the  cold, 
and  not  directly  employed.  It  combines  both  with  acids  and 
bases,  and  is  associated  by  Graham  with  arsenious  acid  and  the 
oxide  of  antimony. 

Nitrous  Acid — Peroxide  of  Nitrogen  (Graham).  N04;eq. 
46.0. — If  dry  nitrate  of  lead,  PbO  +  N05,  be  distilled  in  an 
earthenware  retort  at  a  red  heat,  and  the  distillate  received  in  a 
vessel  cooled  by  ice,  a  colorless  liquid  is  obtained,  which  is  the 
nitrous  acid.  The  salt  is  resolved  not  into  nitric  acid  and  oxide 
of  lead,  but  into  (PbO)  oxide  of  lead,  (NOJ  nitrous  acid,  and  one 
atom  of  oxygen,  which  passes  off  as  a  gas.  This  decomposition 
is  of  considerable  interest  in  showing  that  nitric  acid  has  no  ex- 
istence without  the  presence  of  water. 

Characters. — The  liquid  acid  is  nearly  colorless  at  zero;  but 
when  heated,  becomes  of  an  orange  color,  and  evolves  fumes 
which  become  nearly  black,  as  the  temperature  rises.  It  solidities 
at  40°  and  boils  at  82°  F.     Specific  gr.  T451. 

Properties. — It  is  not  decomposed  at  a  red  heat,  but  becomes 
changed  by  contact  with  water  into  nitric  acid,  and  deutoxide  of 
nitrogen.  But  strong  nitric  acid  dissolves  a  small  quantity.  It 
becomes  gaseous,  when  mixed  with  air,  is  of  a  suffocating  odor, 
and  unpleasant  smell.  Its  salts,  which  are  unimportant,  and 
made  by  indirect  processes,  are  termed  nitrites. 

Nitric  Acid — Azotic  Acid.  Symbol  N05 ;  eq.  54.0.— The 
compound  N03  does  not  exist  in  the  separate  state,  but  is  known 
with  one  equivalent  of  water  HO-f-N06,  and  in  numerous  com- 
pounds. 
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The  strong  acid  of  commerce  is  obtained  by  distilling  a  mix- 
ture of  equal  weights  of  nitrate  of  potash  or  soda,  and  strong 
sulphuric  acid  over  a  small  furnace,  and  receiving  the  product  in 
a  refrigerated  receiver.  In  this  way  a  slightly  colored  fluid,  con- 
sisting of  HO  +  N05,  is  obtained,  which  is  the  strongest  nitric 
acid.  The  action  is  as  follows :  the  sulphuric  acid  (HO  +  S03) 
combines  with  the  potash  of  the  nitre  (KO  +  N05),  forming  bi- 
sulphate  of  potash  (KO-f  2S03),  and  there  remain  N05,  and  one 
atom  of  water  (HO)  formerly  in  union  with  the  sulphuric  acid, 
these  unite,  forming  HO  +  N05,  and  being  volatile,  pass  over,  and 
are  condensed  in  the  receiver. 

Characters. — It  is  a  nearly  colorless  and  intensely  caustic 
fluid,  throwing  off  a  disagreeable  vapor  at  all  temperatures.  By 
exposure  to  light,  it  becomes  yellow,  and  even  orange  in  color. 
When  pure,  it  boils  at  187°,  and  freezes  at  40°  F.,  and  has  a 
specific  gr.  of  1.521.  The  strength  of  a  specimen  may  be  de- 
termined by  its  sp.  gr.,  for  this  becomes  less  as  it  is  diluted  with 
water. 

Properties. — It  is  an  acid,  by  which  is  meant,  that  it  combines 
with  bases  or  metallic  oxides,  reddens  blue  litmus  paper,  is  sour, 
and  neutralizes  alkalies.  These  are  the  general  properties  of 
acids,  although  some  are  not  sour.  It  is  one  of  the  most  powerful 
solvents,  destroying  most  metals,  and  converting  them  into  oxides  ; 
the  acid  subsequently  uniting  with  the  oxide  produced  by  the  first 
action.  Hence,  it  is  readily  decomposed,  yielding  its  oxygen  to 
most  active  bodies,  and  assisting  combustion.  It  may  be  de- 
stroyed by  being  passed  through  a  red  hot  tube,  being  changed 
into  nitrous  acid  and  oxygen.  Light  effects  the  same  change 
slowly.  In  consequence  of  the  facility  with  which  it  gives  off 
oxygen,  it  is  a  valuable  oxydizing  agent.  It  has  a  powerful 
affinity  for  water,  uniting  with  it  in  various  proportions. 

The  chemical  nature  of  nitric  acid  is  a  subject  of  much  inte- 
rest. It  has  already  been  remarked  that  the  anhydrous  com- 
pound N05  has  no  existence,  and  the  strongest  acid  contains  one 
atom  of  water;  but,  according  to  the  most  modern  views,  the 
water  does  not  unite  as  such,  but  seems  to  change  the  nature  of 
the  compound,  and  instead  of  forming  HO  +  N05,  produces 
H  +  NOs,  in  which  N06  is  the  acid,  and  H  (hydrogen)  represents 
a  metallic  radical.  The  salts  of  this  body,  nitrates,  have  an  ana- 
logous constitution,  and  may  be  represented  by  M  +  N06,  in 
which  M  is  a  metal.  If  a  metallic  oxide  unite  with  H  +  N06, 
there  is  produced  a  nitrate,  and  an  atom  of  water  (HO)  formed 
by  the  union  of  the  oxygen  of  the  oxide  with  the  H  (hydrogen), 
which  is  substituted  by  the  metal.  Examining,  also,  the  case  of 
sulphuric  acid,H  +  S04,  and  other  acids,  it  would  appear  that  the 
presence  of  hydrogen,  and  its    ability  of  being   replaced  by  a 
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metal,  constitute  the  acid  structure ;  and  that  acid  properties  are 
not  the  effect  of  the  presence  of  several  atoms  of  oxygen,  but 
arise  from  the  fact  that  the  hydrogen  may  be  substituted  by  most 
other  metals. 

This  constitutes  the  hydro  gen  theory  of  acids,  and  it  serves  to 
assimilate  most  of  these  bodies,  for  H-f-Cl,  II  +  I,  H  +  Br  are 
brought  into  this  list,  from  which  they  are  otherwise  excluded, 
although  they  have  the  action  of  powerful  acids.  But  it  is  not  to 
be  disguised  that  there  are  objections  to  this  view. 

Tests. — Nitric  acid  stains  animal,  and  most  dry  vegetable  tis- 
sues, yellow,  and  is  hence  used  in  dyeing.  It  may  be  known  by 
its  action  on  the  salts  of  morphia,  when  in  the  free  state,  as  it 
produces  with  them  a  deep  orange  color.  The  nitrates  are  not 
soluble,  and  cannot,  therefore,  be  precipitated,  but  they  deflagrate 
on  a  hot  coal.  In  the  concentrated  state,  or  as  aquafortis  of  the 
shops,  in  which  it  contains  two  or  more  atoms  of  water,  it  is 
known  by  producing  red  fumes  when  poured  on  strips  of  copper. 
A  little,  boiled  with  a  solution  of  indigo,  bleaches  it. 

Uses. — In  the  arts,  it  is  employed  to  dissolve  metals,  in  etch- 
ing, and  for  the  purpose  of  preparing  many  chemical  bodies.  In 
medicine,  it  may  be  used  as  a  caustic,  and  in  the  diluted  state  is 
employed  as  a  tonic  and  refrigerant. 

It  is  sometimes  taken  internally  by  accident,  and  proves  a 
powerful  corrosive  poison.  In  such  cases,  and  the  remarks  apply 
also  to  the  sulphuric,  muriatic  and  oxalic  acids,  the  best  antidote 
will  be  calcined  magnesia,  made  into  a  cream  with  water.  If 
this  cannot  be  had,  chalk,  carbonate  of  magnesia,  pearlash,  or  car- 
bonate of  soda  will  do,  but  are  inferior,  from  the  large  amount  of 
gas  extricated  in  their  union  with  the  acid.  If  magnesia  be  used, 
it  will  neutralize  the  acid,  being  converted  into  the  nitrate,  which 
is  not  poisonous.  But  in  these  cases  the  acids  act  so  violently  if 
strong,  that  little  hope  can  be  entertained  of  recovery.  Some- 
times they  are  sprinkled  on  the  hands  or  face  of  persons  with 
malicious  intentions,  and  produce  ulcers  difficult  of  cure.  The 
dressing  to  these,  should  at  first  contain  magnesia,  to  neutralize 
any  free  acid. 

Salts. — The  most  important  salts  are  the  nitrates  of  potash, 
soda,  ammonia,  iron,  lead,  bismuth,  copper  and  silver. 

Compounds  of  Nitrogen  with  Hydrogen. — Of  the  three 
compounds  enumerated,  one  only  is  known  in  the  free  state, 
ammonia,  NH3  ;  hence,  until  recently,  this  was  supposed  to  be 
the  only  product  of  their  union,  and  great  confusion  has  arisen 
in  the  nomenclature  of  these  bodies,  especially  with  acids  and 
haloid  bodies.  Thus,  muriate  of  ammonia  is  now  chloride  of 
ammonium — sulphate  of  ammonia,  sulphate  of  the  oxide  of  am- 
monium. 
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Jlmidogene — NH3;  symbol  Ad  =  16.0.— It  is  inferred  to  exist 
in  a  class  of  compounds  called  amidides,  one  of  which,  the  ami- 
dide  of  potassium,  is  produced  when  dry  ammonia  (NH3)  is 
heated  with  potassium,  an  atom  of  hydrogen  is  separated,  and  K 
-f  NH2  results.  It  combines  also  with  mercury  and  other  metals, 
which  in  every  case  replace  an  atom  of  hydrogen,  hence  it  is  an 
electro-negative  compound  radical  like  cyanogen,  and  ammonia  is 
an  amidide  of  hydrogen. 

Ammonia — Amidide  of  Hydrogen.  AdH — NH3 ;  eq.  17.0. — 
Pure  ammonia  is  a  highly  pungent  gas,  but  it  is  generally  known 
in  solution  in  water.  Its  compounds,  especially  the  carbonate 
and  sulphuret,  are  obtained  by  the  distillation  of  bones  and  other 
animal  substances.  In  the  decay  of  all  animal,  and  many  vege- 
table matters,  it  is  evolved,  and  hence  there  is  a  minute  amount 
in  rain  water  and  the  atmosphere. 

It  is  procured  in  large  quantities  for  commercial  purposes,  by 
heating  sal  ammoniac  (chloride  of  ammonium)  with  slaked  lime, 
and  conducting  the  ammoniacal  gas  into  receivers  nearly  filled 
with  water.  The  solution  constitutes  the  aqua  ammonia  or 
water  of  ammonia  of  the  shops.  For  experiment,  the  gas  can 
be  had  by  heating  the  solution,  and  collecting  over  mercury,  or 
into  a  vessel  inverted  over  the  tube  of  the  generating  bottle. 

Characters. — Ammoniacal  gas  is  colorless,  has  a  pungent  odor 
and  alkaline  taste.  Its  sp.  gr.  is  0.59 ;  water  at  32°  F.  dissolves 
780  times  its  bulk,  and  acquires  the  properties  of  the  gas.  By 
a  pressure  of  6g  atmospheres,  or  a  cold  of  — 61,  the  gas  is 
liquefied.  The  most  concentrated  solution  of  ammonia  contains 
32|  per  cent,  of  this  body,  has  a  sp.  gr.  of  0.872,  and  boils  at 
120°  F.  The  strength  may  be  determined  by  the -density,  which 
rises  with  the  feebleness  of  the  solution. 

Properties. — The  gas  is  slightly  combustible,  a  non-supporter  of 
combustion,  entirely  irrespirable  and  poisonous.  The  solution, 
volatile  alkali,  is  caustic,  volatile  and  alkaline,  by  which  is  meant 
that  it  neutralizes  acids,  turns  reddened  litmus  paper  blue,  or  con- 
verts turmeric  paper  brown,  and  acts  in  all  respects  like  potash 
and  soda,  which  are  alkalies.  Formerly  a  large  number  of  com- 
pounds were  supposed  to  contain  this  body,  and  called  salts  of 
ammonia,  as  the  carbonate  (sal  volatile),  muriate  (sal  ammoniac), 
sulphate,  &c,  which  are  now  known  to  be  compounds  of  am- 
monium. But  ammonia  does  combine  with  some  substances,  and 
forms  compounds,  to  which  Prof.  Kane  has  given  the  name  of 
ammonurets.  The  ammonurets  contain  usually  a  metallic  oxide, 
are  of  very  instable  constitution,  and  often  violently  explosive,  as 
the  fulminating  compounds  of  silver,  gold  and  mercury.  It  is 
also  present  as  a  neutral  body,  in  the  same  way  as  the  water  of 
crystallization  of  many  salts,  especially  the  sulphate  of  copper 
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and  ammonia.  Ammoniacal  gas  is  readily  decomposed  by  elec- 
tricity,  or  by  being  sent  tbrough  a  red  hot  iron  tube,  being  re- 
solved'into  one  atom  of  nitrogen  and  three  of  hydrogen. 

Tests. The  presence   of  free  ammonia  is  determined  by  its 

pungent  odor  ;  by  bringing  a  rod  moistened  with  muriatic  acid 
near°it,  when  dense  white  vapors  are  produced  ;  or  by  adding  it 
to  a  feeble  solution  of  sulphate  of  copper,  which  is  instantaneously 
changed  into  a  deep  purple  blue. 

Uses. It  is  used  for  the  manufacture  of  many  medicines,  in 

tests,  and  in  perfumery  and  medicine.  The  aqua  ammonias  is 
antacid  and  valuable  stimulant  in  a  diluted  state;  the  carbonate  is, 
however,  preferred.  The  vapor  is  restorative,  but  inhaled  too 
freely,  produces  great  irritation  of  the  nerves,  and  may  cause 
death  if  inspired  into  the  lungs;  indeed,  its  use  as  a  restorative 
in  fainting  is  improper. 

The  solution  is  somewhat  caustic,  and  may  cause  death  if  taken 
in  over  doses.  It  is  violently  stimulating,  and  has  to  be  met  by 
an  acid,  of  which  dilute  vinegar  is  the  best,  being  always  at  hand, 
and  serving  to  neutralize  the  alkali  completely.  Demulcents 
should  be  employed  at  the  same  time  to  counteract  the  irritation 
of  the  poison  on  the  coats  of  the  stomach.  The  course  pointed 
out  in  this  case,  is  equally  applicable  to  poisoning  by  soda,  potash, 
or  the  carbonates  of  potash  or  ammonia. 

Ammonium— NH4 ;  eq.  18.0.  Symbol  Am.— This  body  has 
not  been  insulated,  but  exists  combined  with  mercury  in  the  am- 
moniacal amalgam  and  other  substances.  The  amalgam  is  made  by 
adding  a  small  portion  of  sodium  to  mercury,  and  bringing  it  in  con- 
tact with  solution  of  ammonia — the  mercury  swells  considerably, 
becomes  of  the  consistence  of  butter,  and  is  supposed  to  become 
united  with  ammonium.  If  we  attempt  to  separate  it  from  the 
amalgam,  there  results  NH3,  and  H  (hydrogen). 

Ammonium  is  an  electro-positive  compound  radical  resembling 
the  metals,  and  especially  potassium  and  sodium.  It  forms  a 
series  of  compounds  with  the  haloid  bodies,  as  Ami;  AmCl; 
AmBr;  the  iodide,  chloride  and  bromide  of  ammonium,  which 
correspond  to  analogous  salts  of  potassium  and  sodium.  The 
chloride  of  ammonium  is  the  saline  substance,  well  known  under 
the  name  of  muriate  of  ammonia  or  sal  ammoniac,  and  used  in 
lotions  as  a  discutient  and  in  refrigerating  mixtures. 

The  oxide  of  ammonium,  NH4,0,  or  Am,0. — This  is  hypo- 
thetical, but  in  its  compound  with  acids  produces  salts,  isomor- 
phous  with  those  of  the  oxides  of  potassium  (potash)  and  sodium 
(soda).  The  common  salts,  called  compounds  of  ammonia,  con- 
tain this  oxydized  radical,  as  the  sulphate,  AmO  +  S03 — the  nitrate, 
AmO+NOs,  orNH4,0+N05. 

The  principal  salts  of  ammonium  belong  to  organic  chemistry, 
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for  these  bodies  are  derived,  for  the  most  part,  from  decaying 
animal  and  vegetable  matters. 


SULPHUR. 

Symbol,  S.     Equivalent,  16.1. 

Sulphur  is  found  native  in  volcanic  regions,  and  is  combined 
with  many  metals  in  ores,  as  an  electro-negative  body.  The 
native  crystals  are  right  rhombic  octahedrons  and  translucent,  but 
those  made  by  melting  are  oblique  rhombic  prisms,  and  it  is  there- 
fore dimorphous.     It  is  also  a  component  of  animals  and  plants. 

Characters. — The  roll  sulphur  or  brimstone  consists  of  melted 
sulphur  poured  into  moulds;  the  flowers  of  sulphur  are  minute 
crystals  obtained  by  subliming.  There  is  a  third  variety  called 
precipitated  or  milk  of  sulphur,  obtained  by  adding  muriatic  acid 
to  a  solution  of  sulphuret  of  lime,  which  is  almost  white,  and 
preferred  in  medicine  under  the  name  of  sulphur  prxcipit  alum 
or  lac  sulphuris. 

Solid  sulphur  is  tasteless,  crackles  when  heated,  exhales  a 
characteristic  odor  when  warmed,  is  insoluble  in  water,  and  has 
the  sp.  gr.  of  1.98.  It  melts  at  226°  into  an  amber  fluid,  but 
if  the  heat  be  raised  to  450,  it  becomes  dark,  thick  and  tough,  but 
afterwards  becomes  thin  and  limpid,  and  boils  at  600°  F.,  throw- 
ing off  an  abundant  vapor  which  sublimes  into  the  flowers  of  sul- 
phur in  an  air-tight  vessel.  It  is  little  soluble  except  in  oily  and 
alkaline  fluids. 

Properties. — Sulphur  is  a  powerfully  electronegative  element, 
combining  with  most  metals  when  nascent,  or  when  heated  with 
them,  and  forming  sulphides  or  sulphurets.  It  is  eminently  com- 
bustible, taking  fire  at  300°  F.  in  the  air ;  it  is  also  a  supporter 
of  combustion,  iron  burning  brilliantly  when  introduced  at  a  red 
heat  into  its  vapor. 

It  is  an  excellent  electric,  becoming  electro-negative  by  friction, 
and,  as  in  most  similar  cases,  it  is  a  bad  conductor  of  heat. 

In  its  chemical  relations,  sulphur  resembles  oxygen,  and  may 
be  placed  in  the  same  isomorphous  class.  Its  chief  use  in  medi- 
cine is  as  a  topical  application  to  scabies,  and  diseases  of  the 
skin,  and  as  a  laxative  for  children. 

Compounds. — With  oxygen  it  forms  six  compounds,  of  which 
only  two  are  of  medical  interest.     They  are  as  follows : — 

Sulphurous  acid=S02  Sulphuretted    hyposulphuric    acid= 
Sulphuric  acu/=S03  ^3^6 

Hyposulphurous  acid=S202  Bi  sulphuretted  hyposulphuric  acid= 
Hyposulphuric  acid=S2Os  S405 
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With  hydrogen  it  forms  sulphuretted  hydrogen,  or  sulphide  of 
hydrogen,  HS— and  HS2,  or  deuto-sulphide  of  hydrogen. 

Sulphurous  Acid— S02 ;  eq.  32.1.— This  is  a  pungent  gas 
produced  by  burning  sulphur  in  oxygen  gas.  It  may  also  be 
obtained  by  heating  sulphuric  acid  with  mercury. 

Characters.— It  is  colorless,  has  an  offensive  odor,  sp.  gr.  2.222, 
very  soluble  in  water,  and  converted  by  the  cold  of  zero  into  a 
limpid  fluid,  which  boils  at  14°  F. 

Properties. — It  is  irrespirable,  a  non-supporter  of  combustion, 
not  inflammable,  and  highly  poisonous,  especially  to  insects.  The 
moist  gas  possesses  considerable  bleaching  powers,  especially  to- 
wards yellow  colors,  but  is  not  as  perfect  in  its  action  as  chlorine, 
for  the  colors  can  be  restored  by  stronger  acids.  It  is  a  feeble 
acid, and  forms  salts  with  the  alkaline  bases  called  sulphites;  which 
are  of  little  importance, but  are  sometimes  employed  as  deoxydizing 
agents  in  the  laboratory  to  separate  the  oxygen  from  metallic  com- 
pounds. 

Sulphurous  acid  is  an  ingredient  in  the  sulphur  and  some 
medicated  vapor  baths.  In  this  state,  it  excites  the  skin,  and  ap- 
pears to  be  serviceable  in  diseases  in  which  there  is  want  of 
action  in  the  skin.  Such  baths  are  particularly  recommended  in 
rheumatism,  but  this  is  more  probably  due  to  their  temperature 
than  the  presence  of  sulphurous  acids. 

Sulphuric  Acid— Oil  of  Vitriol— S03  or  H  +  S04;  eq.  40.1. 
— The  sulphuric  acid  of  commerce  is  obtained  in  immense  quan- 
tities by  burning  nitrate  of  potash  or  soda  and  sulphur  in  contact 
with  air,  and  conveying  the  vapors  into  chambers  lined  with  lead, 
and  containing  water.  The  product,  which  is  weak  sulphuric 
acid,  is  then  concentrated  by  boiling  in  platinum  vessels.  The 
changes  occurring  in  the  process  are  complicated,  and  in  some 
dispute. 

Characters. — Strong  sulphuric  acid  is  an  oily,  colorless  fluid, 
powerfully  acid  and  corrosive  ;  sp.  gr.  1.845.  It  freezes  at — 15°, 
and  boils  at  620°  F. 

Properties. — It  is  a  powerful  acid,  and  possesses  an  intense 
affinity  for  water,  charring  most  vegetable  and  animal  bodies  by 
separating  it  from  their  texture.  It  combines  with  nearly  all 
metallic  oxides  to  form  sulphates  ;  and  in  some  cases,  it  acts  as  an 
oxydizing  agent,  as  when  heated  with  mercury;  a  portion  of  the 
acid  loosing  an  atom  of  oxygen  to  form  oxide  of  mercury,  and 
other  portions  uniting  with  this  base.  In  such  cases,  sulphurous 
acid  S02,  is  evolved.  The  acid  distills  over  at  a  temperature  of 
620°,  and  is  driven  off  from  most  of  its  compounds  by  a  red  heat. 

There  were  three  bodies  confounded  until  recently  under  this 
name: — 1st,  anhydrous  sulphuric  acid,  or  S03 ;  2d,  fuming  acid 
of  Nordhausen  ;  3d,  hydrated  sulphuric  acid. 
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Anhydrous  sulphuric  acid  is  a  white,  silky,  crystalline  body, 
which  fumes  in  the  air,  melts  at  77°,  and  becomes  a  vapor  at 
1603  F.  It  has  an  intense  affinity  for  water,  but  can  scarcely  be 
said  to  possess  acid  properties,  except  when  combined  with  water. 
It  consists  of  one  atom  of  sulphur  with  three  of  oxygen=SO  . 
It  is  of  no  known  use. 

Acid  of  Nor dlmit sen. — This  is  the  true  oil  of  vitriol,  and  is  pro- 
cured by  the  distillation  of  dry  sulphate  of  iron  at  a  red  heat.  It 
is  of  a  brown  color,  fuming,  sp.  gr.  1.9;  when  heated,  dense 
vapors  of  anhydrous  acid  pass  over,  and  there  remains  common 
sulphuric  acid.  It  is,  therefore,  a  compound  of  S03,  with  HO,S03. 
It  is  chiefly  used  for  dissolving  indigo. 

Ilydrated  Sulphuric  Acid. — In  its  purest  state,  this  consists  of 
HO,S03;  and,  according  to  the  views  of  those  who  advocate  the 
hydrogen  theory  of  acids,  is  H,S04,  in  which  H  may  be  substituted 
by  any  metal.  To  form  the  sulphates,  all  that  is  necessary  is  to 
bring  a  metallic  oxide  in  contact  with  this  body  ;  the  hydrogen 
unites  with  the  oxygen  of  the  base,  and  there  is  produced  the 
compound 

M  +  S04, 
which  represents  the  general  formula  for  the  protosulphates,  in 
which  M.  may  be  an  elementary  metal,  or  an  electro-positive  com- 
pound  radical,  as  ammonium.     Among  the   compounds   of  sul- 
phuric acid,  are  two  with  water  or  oxide  of  hydrogen  : 
H  +  S04+HO  (Aq.) 
H+S04+2HO  (Aq.) 
The  office  of  the  water  here  is  not  ascertained,  but  it  appears  to 
be  water  of  crystallization.     It  is  in  the  formation  of  these  bodies 
that  so  much  heat  is  given  out  when  the  strong  acid  H-f-S04  is 
combined  with  water. 

Tests. — Sulphuric  acid  or  a  soluble  sulphate  is  readily  recog- 
nized by  the  action  of  a  solution  of  chloride  of  barium,  which 
throws  down  a  dense  white  precipitate  insoluble  in  nitric  acid.  It 
may  also  be  known  by  its  causticity,  oily  appearance,  its  action  in 
reddening  black  and  most  colored  cloths,  and  the  dense  vapors  it 
produces  at  a  high  temperature. 

Salts. — The  number  of  sulphates  is  immense,  but  in  medicine, 
the  following  only  are  of  moment.  Sulphate  of  potash,  soda, 
lime,  oxide  of  ammonium  (sulphate  of  ammonia),  iron,  copper, 
zinc,  mercury,  alumina  and  potash  (alum),  magnesia,  quinine, 
morphine,  strychnine,  &c. 

Uses. — In  the  arts  and  manufactures,  it  is  of  great  value,  chiefly 
for  the  preparation  of  chemicals  and  dyes.  In  medicine,  the 
strong  acid  is  a  caustic,  a  dilute  acid  is  employed  in  ointment  as 
a  stimulating  application  to  chronic  ulcers  and  cutaneous  diseases; 
it  is  also  a  good  styptic.     A  weak  acid,  made  by  adding  one 
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ounce  of  the  strong  acid  to  13  of  water,  is  employed  internally  in 
doses  of  10  to  30  drops  in  water  as  a  refridgerant,  tonic  and  ami- 
hemorrhagic.    But  if  long-continued,  it  produces  a  form  of  chronic 

gastritis. 

Poisoning. — It  is  a  violent  poison,  destroying  the  parts  over 
which  it  passes  at  once  when  strong,  and  producing  intense  in- 
flammation, when  dilute;  it  also  prostrates  the  system,  and  reduces 
the  action  of  the  heart.  In  doses  which  are  not  speedily  fatal, 
it  sometimes  produces  a  chronic  inflammation  that  causes  death 
in  a  few  weeks.  The  acid  disorganizes  by  uniting  with  the 
water  of  the  tissue,  and  also  by  forming  a  solid  with  its  albumen. 
The  antidote  is  magnesia,  as  stated  in  the  article  on  nitric  acid. 

In  cases  of  death  by  poisoning,  the  presence  of  the  acid  may 
be  ascertained  by  washing  the  parts,  filtering  and  concentrating  the 
solution  ;  or  if  some  time  have  elapsed,  scraping  off  the  disor- 
ganized tissues,  distilling  with  a  little  water,  and  testing  the  dis- 
tillate with  chloride  of  barytes  and  by  other  means,  will  be  neces- 
sary. Care  must  be  taken  not  to  confound  the  precipitate  with 
those  procured  from  soluble  sulphates,  as  Epsom  salt,  alum,  &c, 
which  may  have  been  used  as  medicines.  For  this  purpose,  dis- 
tillation is  best,  as  the  salts  will  be  left  in  the  retort. 

Hyposulphurous  Acid— S202  or  H+S03,S.— It  has  not  been 
insulated,  but  its  salts,  the  hyposulphites,  are  known,  and  one,  the 
hyposulphite  of  soda  is  used  in  the  Daguerreotype  to  dissolve  the 
iodide,  bromide,  &c.  of  silver.  This  is  formed  by  digesting  a 
strong  solution  of  sulphite  of  soda  on  flowers  of  sulphur  at  a 
good  heat,  but  without  boiling. 

Hyposulphuric  Acid— S20.or  H+S03+S03.— This  is  a  thick 
fluid  of  intense  acidity,  and  readily  decomposable  by  heat  into 
sulphuric  and  sulphurous  acids. 

Note. — These  two  acids  have  all  the  appearance  of  compounds 
of  sulphurous  acid  H+S03,  and  there  are  in  addition  several 
bodies  of  a  similar  structure,  which  are  tabulated  in  the  following. 
They  are  not  of  importance  in  medicine  or  the  arts. 

Sulphuretted  hyposulphuric  acid  (Langbis),  H-|~2(S03)-f-S 
Bi-sulphuretted  hyposulphuric  acid  (Fordos  a>ui  Gclis),  H-r-2(S03)-r-S2 
Chlorosulphuric  acid,  H-j-S03-f-Cl 
Nitro-sulphuric  acid,  H+S034-N02 
Iodo  sulphuric  acid,  H-f-S03-(-I- 

From  the  above,  and  analogous  compounds,  sulphurous  acid, 
H  +  S03,  is  regarded  a  compound  radical.  It  is  the  most  stable  of 
the  sulphur  oxides,  since  sulphuric  acid  may  be  resolved  into  it; 
therefore,  all  these  acids,  and  many  other  compounds  may  beset 
down  as  compounds  of  this  body,  and  as,  in  the  case  of  sulphuric 
acid,  written 

H  +  S04=H-fS03,0. 
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SULPHUR  WITH  HYDROGEN. 

Sulphide  of  Hydrogen. — Sulphuretted  hydrogen — Hydro- 
sulphuric  Jlcid — Sulphydric  JLcid — HS  ;  eq.  17.1. — A  gas  exist- 
ing in  minute  quantities  in  stagnant  waters,  and  some  springs,  and 
evolved  by  putrid  matters.  It  is  readily  obtained  for  examination 
and  chemical  use  by  pouring  dilute  sulphuric  acid  on  sulphide  of 
iron.  In  this  case  H  +  S04,  Aq.,  and  FeS  becomes  changed  into 
Fe+S04,  Aq.  and  HS,  or  sulphide  of  hydrogen.  The  Fe  +  S04 
is  common  sulphate  of  iron  or  green  vitriol. 

Characters. — A  fetid  gas,  having  the  odor  of  rotten  eggs,  color- 
less, with  a  disagreeable  taste;  sp.  gr.  1.177.  Cold  water  dissolves 
its  own  bulk.  The  gas  is  rendered  fluid  by  a  pressure  of  17 
atmospheres  at  50°  F. 

Properties. — The  gas  is  inflammable,  and  burns  in  the  open 
air  into  water  and  sulphurous  acid.  It  is  violently  poisonous,  and 
this  arises  from  its  solubility  in  the  fluids  of  the  body,  as  well  as 
its  power  of  disorganizing  the  blood.  The  antidote  is  chlorine  gas, 
diluted  with  air,  and  inhaled. 

It  is  one  of  the  most  active  bodies  in  chemistry,  acting  upon 
nearly  all  the  metals  and  their  soluble  oxides  to  produce  sulph- 
ides. In  these  cases  it  is  decomposed,  the  metals  taking  the 
place  of  the  hydrogen  and  forming  the  compound 

M-fS, 
in  which  M  is  a  metal,  or  an  electro-positive  compound  radical. 
When  a  metallic  oxide  is  present,  the  H  unites  with  the  oxygen 
to  form  water  (HO).  Hence  it  is  much  used  as  a  test  in  chemical 
manipulations,  to  separate  the  metals  from  their  compounds,  as 
most  of  the  sulphides  are  insoluble.  For  this  purpose  a  stream 
of  gas  is  passed  through  the  solution,  or  sulphide  of  ammonium 
is  employed.  The  former  is  one  of  the  tests  for  arsenious  acid, 
which  it  throws  down  of  a  yellow  color. 

Aqueous  sulphide  of  hydrogen  is  slightly  acid,  but  this  body 
most  nearly  resembles  water  in  its  chemical  habitudes.  This 
compound  is  readily  decomposed  by  heat  or  by  metallic  bodies. 

Tests. — It  is  known  by  its  odor,  and  by  blackening  silver,  and 
test  paper  prepared  with  the  acetate  of  lead. 

Uses.— It  is  one  of  the  most  valuable  tests  in  the  laboratory,  for 
the  detection  and  separation  of  the  metals.  It  is  also  much  used 
as  a  medicine  in  the  various  sulphur  springs  of  Virginia,  Ken- 
tucky, and  other  states.  In  these  the  amount  of  gas  is  seldom 
more  than  20  cubic  inches  in  100  of  water,  but  the  liquid  is  re- 
markably disagreeable,  and  fetid.  These  waters  are  chiefly  em- 
ployed by  persons  suffering  from  chronic  dyspepsias,  hepatic 
diseases  and  affections  of  the  skin.     They  are  stimulating,  and 
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being  frequently  conjoined  with  the  alkaline  sulphates,  are  also 
purgative.  Hot  baths  of  them  are  highly  favorable  in  rheumatism 
and  old  cutaneous  affections.  Artificial  sulphur  waters  are  rarely 
used. 

Poisoning. — The  gas  evolved  in  chemical  processes  and  from 
cesspools,  may  produce  death  when  inhaled.  It  acts  as  a  nervous 
sedative,  producing  giddiness,  nausea,  prostrating  the  system, 
stopping  the  heart's  action,  and  inducing  asphyxia;  if  this  effect 
is  not  reached,  there  is  produced  a  bilious  diarrhcea,  with  great 
debility.  The  patient  is  to  be  freely  exposed  to  fresh  air,  a  diluted 
gaseous  mixture  of  chlorine  may  be  thrown  into  his  lungs,  or  the 
chloride  of  lime,  on  which  a  few  drops  of  dilute  acid  have  been 
placed,  may  be  applied  to  the  nose.  The  after  treatment  is  to  be 
directed  to  the  restoration  of  the  tone  of  the  nervous  and  circulatory 
apparatus.  The  poisonous  action  is  due  to  the  decomposition  of  the 
blood,  which  is  found  after  death  blackish  and  fluid.  The  body  is 
also  highly  offensive,  is  said  to  decay  rapidly,  and  the  muscles  are 
insensible  to  the  stimulus  of  galvanism. 

Malaria. — The  Italian  writers  have  for  some  time  suspected  a 
connection  between  the  presence  of  sulphur,  and  the  poisonous 
atmosphere  (mal  aria),  which  produces  bilious  remittent  and  in- 
termittent fevers.  The  late  Professor  Daniell  found  sulphuretted 
hydrogen  in  the  waters  taken  from  the  most  sickly  portions  of 
the  African  coast,  and  Dr.  Marcet  in  those  from  the  Chinese  coast, 
which  is  equally  unhealthy.  I  have  succeeded  in  detecting  the 
presence  of  this  body,  both  in  the  air  and  waters  of  marshes  and 
shallow  streams  in  Virginia,  and  in  locations  where  bilious  remit- 
tent fever  was  active.  (See  The  American  Journal  of  the  Medi- 
cal Sciences,  January,  1842.) 

I  do  not,  however,  agree  with  Prof.  Daniell  and  others,  that  sul- 
phuretted hydrogen  is  the  malarious  body,  but  believe  that  sulphur 
is  a  component  of  a  certain  instable  organic  body,  which  constitutes 
the  poison.  This  organic  body  may  be  obtained  by  precipitating 
the  vapor  from  a  marsh,  in  the  morning  before  sunrise,  and  it 
blackens  sulphuric  acid.  It  consists  of  sulphur,  carbon,  hydrogen, 
and  probably  oxygen.  It  readily  decomposes,  emitting  a  putrid 
odor,  and  appears  to  be  decomposed  by  the  rays  of  the  sun.  It  is 
destroyed  by  fire,  does  not  rise  high  in  the  air,  is  decomposed  by 
plants,  which  appear  to  remove  its  water,  an  essential  ingredient 
of  the  body. 

This  substance  entering  the  lungs,  is  probably  decomposed  into 
sulphuretted  hydrogen,  carbonic  acid  and  water.  Hence  the  sul- 
phuretted hydrogen  is  most  probably  the  noxious  body;  this  enters 
the  circulation,  affects  the  blood,  produces  nervous  symptoms, 
which  have  the  intermittent  or  remittent  type,  affects  the  liver, 
and,  if  taken  in  large  quantity,  produces  nervous  and  vascular  pros- 
tration with  all  the  symptoms  of  yellow  fever.     These  would  be 
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the  effects  of  sulphuretted  hydrogen.  The  best  remedies,  calomel, 
and  in  chronic  cases  nitro-muriatic  acid,  both  contain  chlorine. 
The  first  of  these  is  decomposed  in  the  body,  and  they  both  evolve 
chlorine,  which,  as  we  have  seen,  neutralizes  the  poisonous  pro- 
perties of  sulphuretted  hydrogen. 

It  is  supposed  by  some  that  moisture  is  enough  to  produce  these 
diseases ;  but  why  do  not  sailors  suffer  from  this  cause  ?  Moreover, 
whilst  moisture  is  essential  to  the  production  of  malaria,  a  small 
amount  will  answer;  it  is  not  on  marshes  and  water  only,  that  the 
poison  is  found,  but  over  new  lands  recently  exposed  to  the  air.  In 
all  these  places  there  are  decaying  vegetablematter  and  saline  mat- 
ters, of  which  the  sulphates,  especially  the  sulphate  of  lime  and 
magnesia,  are  the  essential  bodies.  During  the  decay  of  vegeta- 
tion in  a  moist  situation,  sulphates  are  decomposed  and  sulphur  ren- 
dered free;  it  may  combine  with  hydrogen,  with  other  bodies  to 
form  an  organic  body,  as  we  suggest,  or  it  may  unite  with  metallic 
substances,  and  never  rise  above  the  earth.  On  the  coast,  especially 
where  the  sea  occasionally  comes  in  contact  with  the  vegetation  of 
fresh  water  marshes,  the  most  deadly  malaria  exists.  Now  the 
sea  contains  a  large  amount  of  sulphates.  Marshes  do  not  neces- 
sarily give  rise  to  intermittents  or  remittents;  the  bogs  of  Ireland 
are  free  from  these  diseases.  Hence  vegetable  matter,  in  a  state 
of  decay,  with  an  abundance  of  moisture,  does  not  necessarily 
produce  either  malaria  or  sulphuretted  hydrogen. 

We  may  go  further,  and  state  that  there  is  no  place  in  which 
violent  malaria  is  found,  that  does  not  present  us  with  the  condi- 
tions necessary  for  the  formation  of  a  sulphuretted  organic  body, 
or  in  the  waters  of  which  sulphates  may  not  be  detected.  The 
form  of  the  disease  depends  upon  the  amount  of  poison  produced 
in  the  autumn  or  spring,  and  the  temperature.  Nor  do  we  deny 
that  other  causes  influence  the  form  of  the  disease,  or  that  any  of 
the  malarious  fevers  may  arise  sporadically. 

Bisulphide    of   Hydrogen  —  Persulphuret   of   Hydrogen — 

H  +  S2 This  is  an  oily  fluid,  almost  spontaneously  decomposable 

into  sulphur  and  sulphuretted  hydrogen.  It  is  the  analogue  of 
peroxide  of  hydrogen,  being  decomposed  by  the  same  means,  or 
catalytically,  and  also  possessing  bleaching  properties. 

SELENIUM    AND    TELLURIUM. 

These  are  rare  bodies,  isomorphous,  and  closely  resembling 
sulphur.  They  are  of  no  known  use.  Tellurium  is  placed  by 
most  authors  with  the  metals,  but  is  scarcely  known. 
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CHLORINE. 


THE  HALOID  GROUP. 

CHLORINE IODINE BROMINE FLUORINE. 

Fig.  51.  Chlorine.— Symbol  CI ;  eq. 35.47.— A  gas, 

scarcely  existing  in  the  free  state  in  nature, 
but  found  in  salt,  and  other  compounds  of  the 
ocean.  This  group  of  elements,  except  fluo- 
rine, belongs  to  the  sea,  being  rare  in  other 
situations. 

Chlorine  is  obtained  for  examination,  by 
pouring  a  solution  of  chloride  of  hydrogen 
(muriatic  acid),  on  the  peroxide  of  manganese 
(Mn02).  Reaction  occurs  which  is  assisted 
by  heat ;  the  hydrogen  of  one  atom  of  acid 
(H-f  CI)  is  released  and  unites  with  one  atom 
of  the  oxygen  of  the  peroxide  to  form  water 
(HO)  ;  its  chlorine  uniting  with  the  manga- 
nese to  form  chloride  of  manganese  Mn-fCI; 
the  second  atom  of  the  oxygen  now  acts  upon 
a  new  equivalent  of  chloride  of  hydrogen, 
appropriating  its  hydrogen  to  form  another 
atom  of  water,  the  free  chlorine  rises  as  a 
gas.  It  is  collected  by  displacement  by  an 
arrangement  like  that  of  the  figure.  The  fol- 
lowing diagram  displays  these  changes. 
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Characters. — A  light  green  gas,  of  a  suffocating  odor  and 
acrid  taste,  of  sp.  gr.  2.47.  Water  dissolves  about  twice  its 
volume  at  60°  F.,  acquiring  its  odor  and  some  of  its  properties. 
It  may  be  liquefied  by  a  pressure  of  four  atmospheres,  and  forms  a 
yellowish  limpid  fluid. 

Properties. — It  is  violently  acrid  and  poisonous,  a  supporter  of 
combustion  in  the  case  of  many  metals,  as  antimony,  arsenic, 
&c,  which  take  fire  in  it  and  become  chlorides.  It  is  not  inflam- 
mable. The  common  gas  is  one  of  the  most  active  electro-negative 
agents  known,  forming  binary  compounds,  called  haloid  salts,  with 
most  metals  of  which  table  salt,  chloride  of  sodium  (NaCl)  is  an 
instance.  When  exposed  to  light,  it  becomes  more  active,  acquir- 
ing the  alpha  state ;  it  then  combines  with  hydrogen  even  explo- 
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sively,  and  forms  (HC1)  hydrochloric  acid,  one  of  the  most  active 
mineral  acids.  With  this  body  all  the  metallic  chlorides  can  be 
formed,  by  bringing  their  oxides  in  contact  with  it,  the  hydrogen 
forming  with  the  oxygen,  water,  and  the  chlorine  and  metal  unit- 
ing.    The  general  result  is  as  follows : 

MO+HCI=HO+MCl. 
The  range  of  its  affinity  is  nearly  equal  to  that  of  oxygen,  which 
element  it  often  displaces,  even  decomposing  water  when  exposed 
to  the  sun's  light,  and  evolving  the  oxygen.  It  also  possesses  the 
singular  property  of  acting  as  a  substitute  for  hydrogen  in  many 
organic  bodies. — (See  Mechanical  and  Chemical  Types.) 

Chlorine  has  considerable  affinity  for  water,  forming  a  definite 
compound  with  ten  atoms,  which  crystallizes  in  yellow  plates  at 
32°  F.  In  union  with  water  it  is  the  most  perfect  bleaching 
agent  known,  discharging  all  vegetable  colors  and  disorganizing 
their  principles.  For  this  purpose  it  is  employed  in  its  com- 
pound with  lime,  called  the  chloride  of  lime,  from  which  the 
element  is  separated  by  exposure  to  the  air,  or  by  the  action  of 
acids. 

It  is  also  a  disinfectant  and  antiseptic  of  the  highest  value. 
This  property  depends  upon  its  affinity  for  hydrogen,  especially 
in  the  sunlight.  Hydrogen,  in  its  combination  with  sulphur,  is  the 
principal  ingredient  in  offensive  animal  odors,  and  is  separated 
by  the  action  of  chlorine  ;  hence  the  disagreeable  compound  is 
destroyed  or  disinfected.  In  the  sick  room  a  solution  of  chloride 
of  soda,  or  of  the  compound  called  chloride  of  lime,  may  be 
employed  to  remove  offensive  odors.  Weak  solutions  are  also 
used  as  stimulating  and  disinfectant  washes  to  foul  ulcers,  gan- 
grenous sores,  and  some  chronic  eruptions. 

Tests. — The  green  color  of  the  gas  and  its  suffocating  smell 
are  characteristic.  In  solution,  and  in  the  soluble  chlorides,  it  is 
readily  determined  by  acidulating  with  nitric  acid  and  adding 
solution  of  nitrate  of  silver,  when  a  curdy  white  precipitate  of 
chloride  of  silver  is  formed,  which  blackens  on  exposure  to  light. 

Uses. Free  chlorine,  slowly  evolved  from  a  solution  of  chloride 

of  lime  or  soda,  is  employed  as  a  bleaching  agent,  and  to  disinfect 
sick-rooms  and  foul  places  ;  it  is  also  inhaled  in  chronic  bronchitis. 
When  inspired,  it  produces  a  pungent  impression  on  the  air-pas- 
sages, with  cough,  and  a  hoarseness  which  lasts  several  hours,  and 
has  therefore  been  recommended  to  stimulate  them  in  the  above 
disease.  For  this  purpose  a  solution  of  chlorine  in  water,  or  the 
bleaching  fluids  may  be  employed,  placed  in  an  inhaler.  In  the 
nitro-muriatic  bath  and  acid,  it  is  the  chlorine  which  is  active. 

The  bleaching  powders  may  occasionally  produce  poisoning, 
from  the  extent  To  which  they  are  employed.  They  are  caustic 
and  irritant,  producing  inflammation  of  the  stomach  and  parts 
over  which  they  have  passed.    The  antidote  is  the  white  of  eggs, 


196  COMPOUNDS  OF  CHLORINE  AND  OXYGEN. 

which  is  coagulated  by  the  action  of  chlorine,  and  destroys  its  ac- 
tivity. The  gas  can  be  seldom  expected  to  poison,  but  where  it  has 
been  inhaled  to  an  injurious  extent,  free  exposure  to  the  air,  and  a 
course  of  treatment  calculated  to  arrest  inflammation  of  the  air- 
passages,  are  necessary.  It  has  been  recommended  as  an  antidote, 
in  poisoning  by  sulphuretted  hydrogen  or  hydrocyanic  acid. 

Satts. — The  most  important  salts  of  chlorine  are  the  chlorides 
of  sodium  (common  salt),  ammonium'  (muriate  of  ammonia),  iron, 
mercury  (calomel  and  corrosive  sublimate),  zinc,  antimony,  silver, 
gold,  platinum.  The  chlorides  have  a  tendency  to  form  double 
haloid  salts:  as  the  chloride  of  gold  and  sodium — chloride  of  am- 
monium and  platinum,  &c. 

Jlffinities. — The  affinities  of  the  haloid  group  are  very  striking; 
they  all  form  a  large  number  of  binary  saline  bodies  like  com- 
mon salt — have  a  powerful  affinity  for  hydrogen,  producing  a 
strong  acid  with  it,  in  which  the  hydrogen  is  readily  displaced  by 
metals — have  little  affinity  for  oxygen,  forming  instable  com- 
pounds. They  also  produce  double  salts  of  the  same  structure  as 
those  of  chlorine.  Of  the  series,  chlorine  appears  to  be  the  most 
active  body,  but  they  are  all  endowed  with  considerable  electro- 
negative powers. 

Compounds. —With  oxygen  chlorine  forms  four  compounds. 

Hypochlorous  acid ....     CIO  Chloric  acid    ....     C105 

Chlorous  acid Cl04  Perchloric  acid  .     .     .     Cl07 

With  hydrogen  there  is  formed  a  highly  important  body — chlo- 
ride of  hydrogen,  HC1. 

COMPOUNDS  OF  CHLORINE  WITH  OXYGEN. 

Hypochlorous  Acid.  CIO;  eq.  43.48. — It  is  a  gaseous  acid, 
of  a  yellow  color,  powerfully  caustic,  and  possessing  remarkable 
bleaching  properties,  but  instable.  The  bleaching  and  disinfecting 
compounds  called  chlorides  of  lime  and  soda,  are  salts  of  hypo- 
chlorous acid,  and  evolve  chlorine  when  exposed  to  the  air,  or 
acted  on  by  acids. 

Chlorous  Acid,  C104,  is  an  explosive  yellow  gas,  of  no  utility. 

Chloric  Acid.  C105. — This  is  a  viscid  yellow  liquid  of  an  in- 
stable nature;  one  of  its  salts,  the  chlorate  of  potash,  is  much 
used  as  a  source  of  oxygen. 

Perchloric  Acid,  C107,  is  a  deliquescent  crystalline  body, 
sometimes  used  as  a  test  for  potash,  with  which  it  forms  a  salt  of 
sparing  solubility. 

JSote. — There  is  little,  importance  or  stability  in  the  oxygen 
compounds  of  the  haloid  series.  Iodine  forms  an  iodic  (105) 
and  periodic  acid  (I07)  of  the  same  type  as  the  chlorine  acids, 
but  of  no  value.  Bromine  forms  the  bromic  acid  (Br05)  only ;  and 
no  oxide  of  fluorine  is  known  at  present. 
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CHLORINE  WITH  HYDROGEN. 

Chloride  of  Hydrogen— Hydrochloric  Acid—Chlorohydric 
Mid  (Thenard  and  Hare)— Muriatic  Acid.  Symbol  HC1;  eq. 
36.47.— A  pungent  acid  gas  emitted,  mixed  with  other  bodies, 
from  volcanoes.  It  is  obtained  in  large  quantities  for  manufac- 
turing purposes  by  the  action  of  sulphuric  acid  on  sea  salt  (Na,CI), 
at  a  considerable  temperature.  The  gaseous  acid  thus  obtained  is 
conducted  into  vessels  containing  water,  and  sold  in  solution.  The 
changes  in  this  case  are  simple,  H+S04  and  Na-f-Cl  become  Na 
-f-S04  and  H+Cl;  the  latter  of  which  is  chloride  of  hydrogen, 
and  the  former  sulphate  of  soda. 

For  experiment,  the  gaseous  acid  can  be  obtained  by  gently 
heating  the  commercial  solution. 

Characters. — A  colorless,  pungent,  acid  gas,  forming  white  va- 
pors in  the  air,sp.  gr.  1.269.  Water  dissolves  418  times  its  bulk 
at  60°  F.,  becoming  powerfully  acid  ;  when  concentrated,  it  has 
a  sp.  gr.  of  1.21,  and  contains  42  per  cent,  of  acid.  The  gas 
may  be  liquefied  by  a  pressure  of  40  atmospheres. 

Properties. — A  caustic,  irrespirable  gas,  with  all  the  properties 
of  an  acid  when  in  the  moist  state.  It  has  an  intense  affinity  for 
water.  The  hydrogen  of  this  compound  is  readily  displaced  by 
metals,  especially  when  they  are  presented  in  the  form  of  oxide; 
water  and  a  chloride  being  simultaneously  formed.  It  is  not 
known  to  act  directly  as  an  acid.  The  solution  of  commerce  is 
usually  stained  yellow  with  iron,  and  is  otherwise  impure.  Mu- 
riatic acid  disorganizes  the  blood,  and  is  therefore  an  active  poison. 
Tests. — The  gaseous  acid  fumes  in  the  air,  and  produces  with 
ammoniacal  gas,  dense  vapors  of  chloride  of  ammonium.  In 
solution  it  is  precipitated  as  a  white  curdy  body,  by  nitrate  of 
silver,  forming  the  chloride  of  silver,  which  is  dissolved  by  ammo- 
nia, and  blackens  in  the  air. 

Uses. — Muriatic  acid  is  much  used  in  manufactures;  mixed 
with  one-half  its  bulk  of  nitric  acid,  it  forms  aqua  regia,  or  nilro- 
muriatic  acid,  which  evolves  nascent  chlorine,  and  has  the  pro- 
perty of  dissolving  gold,  platinum,  and  other  metals.  Muriatic 
acid  is  used  in  medicine  in  a  dilute  state  as  a  tonic  and  febrifuge, 
especially  in  typhoid  affections.  In  cases  of  over  doses,  it  is  to  be 
met  in  the  same  way  as  nitric  or  sulphuric  acid.  The  strong  acid 
is  powerfully  escharotic,  and  in  a  state  of  dilution,  may  be  used 
as  a  rubefacient  or  stimulating  topical  application.  The  vapor  is 
very  irritating,  producing  coughing,  a  difficulty  of  breathing,  and 
inflammation  of  the  air-passages  when  inhaled  too  freely. 

The  nitro-murialic  acid  has  been  much  commended  in  hepatic 
obstructions,  unattended  by  fever.  It  is  used  internally  in  doses  of 
four  to  ten  drops  properly  diluted,  especially  in  chronic  affec- 

17* 


198  COMPOUNDS  OF  CHLORINE. 

tions  of  the  liver,  cutaneous  diseases,  obstinate  constipation  and 
secondary  syphilis.  Sponging  the  body  under  the  arms  and 
about  the  thighs  with  a  solution  containing  about  one  part  of  acid 
to  60  of  water,  is  often  efficacious  in  arousing  the  action  of  the 
liver  and  bowels.  It  excites  a  prickly  sensation  in  the  skin,  and 
if  used  several  times,  affects  the  salivary  glands  producing  co- 
pious ptyalism.  The  nitro-muriatic  acid  bath,  or  Dr.  Scott's  bath, 
is  highly  valuable  in  the  above  cases,  especially  in  warm  climates, 
when  inflammation  is  absent.  It  is  usually  administered  as 
a  pediluvium,  but  steady  sponging  answers  equally  well.  In  old 
cases  a  bath  for  the  whole  body  is  prepared.  It  is  made  in  a  nar- 
row wooden  vessel,  and  contains  4|  to  6  ounces  of  acid  to  about 
3  gallons  of  water.  The  strength  had  better  be  cautiously  in- 
creased from  3  ounces,  lest  the  excitement  be  too  great  at  first. 
In  these  baths,  chlorine  is  evolved,  and  the  action  is  principally 
due  to  its  absorption,  but  the  counter-irritation  on  the  skin  appears 
also  to  be  serviceable. 

Other  Binary  Compounds  of  Chlorine. — Chlorine  unites 
with  nitrogen,  forming  the  Chloride  of  Nitrogen  (NCLJ,  which  is 
a  violently  explosive  compound;  it  is  oleaginous,  yellow  and  very 
irritating.  There  are  three  chlorides  of  carbon,  C4C14 — C4C1. — 
and  C4C16,  which  are  oily  and  crystalline  bodies  of  no  known 
utility.  Chlorine  also  combines  with  sulphur,  phosphorus,  silicon 
and  boron. 


Symbol,  I.     Equivalent,  126.6. 

This  element  is  found  only  in  the  sea,  its  products,  especially 
fuci  and  sponges,  and  saline  springs,  in  the  compound  state, 
usually  as  iodide  of  sodium  and  magnesium.  It  is  obtained  from 
the  ashes  of  sea  weed. 

Characters. — A  black,  soft,  crystalline  solid  with  some  metallic 
lustre.  Its  crystals  are  scaly,  and  consist  of  elongated  octahe- 
drons with  a  rhomboidal  base;  its  sp.  gr.  is  4.948.  It  fuses 
at  225°,  and  the  liquid  boils  at  347,  evolving  a  deep  violet  vapor, 
which  readily  condenses  into  crystals.  Iodine  is,  however,  vola- 
tile at  all  temperatures,  and  the  density  of  its  vapor  is  8.716.  It 
dissolves  in  about  7000  parts  of  water,  but  is  readily  taken  up  by 
alcohol  or  a  solution  of  iodide  of  potassium  or  sodium. 

Properties. — It  is  elementary,  acrid,  stains  the  skin  of  a  fugi- 
tive yellow,  and  has  nearly  all  the  activity  of  chlorine  on  metallic 
and  organic  bodies.  Its  vapor  supports  the  combustion  of  phos- 
phorus and  some  metals,  but  it  is  itself  not  inflammable.  Its 
binary  compounds,  which  are  numerous,  are  chiefly  with  hydro- 
gen and  the  metals,  and  are  called  Iodides.     They  are  formed 
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directly,  or  by  bringing  the  metallic  oxide  in  contact  with  iodide 
of  hydrogen  (HI),  when  the  metallic  iodide  and  water  are  formed. 

The  compounds  of  iodine  with  gold,  silver,  and  some  of  the 
rarer  metals,  are  singularly  affected  by  sunlight,  and  are  em- 
ployed, especially  the  yellow  iodide  of  silver,  for  making  Da- 
guerreotypes. A  silver  plate  being  exposed  to  the  vapor  of  iodine 
in  a  dark  place,  is  made  to  receive  the  image  of  a  scene  or  person 
in  the  camera  obscura,  and  its  coat  of  iodide  is  affected  in  propor- 
tion to  the  intensity  of  the  light  falling  on  it.  The  plate  being 
now  exposed  to  the  vapor  of  mercury,  a  picture  is  produced,  and 
all  that  remains  is  to  wash  off  the  remaining  iodide  by  a  warm 
solution  of  hyposulphite  of  soda. 

Tests. — The  violet  vapor,  the  black,  shining  and  soft  solid  are 
characteristic.  In  solution,  free  iodine  is  discovered,  by  striking 
a  blue  color  with  a  cold  solution  of  starch.  The  soluble  iodides 
are  first  treated  with  a  little  chlorine,  which  liberates  the  iodine, 
and  then  the  solution  of  starch  is  used. 

Salts. — Iodine,  like  chlorine,  forms  binary  salts  chiefly ;  of 
which  the  iodide  of  potassium,  sodium,  silver,  iron  and  mercury 
are  the  most  important. 

Uses. — It  is  employed  in  the  Daguerreotype  and  in  medicine. 
Iodine  is  of  an  acrid  taste,  caustic  and  irritant ;  it  is  readily  ab- 
sorbed into  the  system,  whether  applied  internally  or  externally. 
It  is  administered  internally,  dissolved  in  solution  of  iodide  of  po- 
tassium (hydriodate  of  potash).  The  dose  is  from  \  grain  to  two 
or  more  grains.  In  long-continued  small  doses,  it  appears  to  im- 
pede nutrition,  whilst  it  excites  the  secretions  ;  indeed,  the  bowels 
are  usually  free,  and  there  may  be  ptyalism.  There  is  wasting, 
which  affects  all  the  glands,  especially  if  they  be  abnormally 
excited. 

Hence  it  is  almost  a  specific  in  bronchocele,  scrofulous  swell- 
ings, chronic  enlargements  of  the  liver,  and  it  is  to  be  steadily 
tried  in  scirrhus  of  any  part  of  the  body.  It  is  also  indicated  in 
chronic  inflammation,  with  thickening  of  the  texture,  or  where 
there  is  excessive  action,  as  of  the  heart;  but  it  is  not  safe  to  em- 
ploy it  in  active  inflammatory  affections.  Too  long-continued,  it 
may  produce  colic  and  nausea,  and  in  this  case  is  to  be  employed 
externally  in  the  form  of  ointment  or  liniment.  Its  so  called  al- 
terative action  is  similar  to  that  of  calomel  and  chlorine. 

It  is  also  extensively  employed  as  a  topical  application  to  skin  dis- 
eases, erysipelas,  and  has  been  recommended  for  the  purpose  of 
hindering  the  changes  of  the  small-pox  pustule,  or  causing  them  to 
abort.  Its  action  on  the  small-pox  is  remarkable,  the  pustules 
becoming  dry  soon  after  their  appearance,  when  washed  with  a 
solution  of  the  tincture,  and  in  many  cases  leaving  no  pits  on  the 
skin.     For  this  application  of  iodine,  we   a.re  indebted  to  Dr. 
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Samuel  Jackson,  of  Philadelphia,  late  of  Northumberland  County, 
Pennsylvania. 

Poisoning. — It  is  an  irritant  poison, and  also  produces  palpitation, 
restlessness,  diarrhoea,  nervous  prostration, syncope.  In  one  case,it 
caused  death  after  six  weeks'  sickness.  But  it  is  not  as  poisonous 
an  agent  as  formerly  supposed.  Nor  is  that  nervous  state,  with 
gastric  irritation  and  nausea,  termed  iodism,  at  all  frequent,  al- 
though the  medicine  has  been  long  continued  in  doses  of  several 
grains  a  day.  In  cases  of  poisoning,  white  of  eggs  and  amyla- 
ceous demulcents  are  to  be  used,  for  the  latter  form  the  inert  blue 
compound  already  mentioned  as  a  test  for  iodine.  The  stomach 
is  to  be  emptied  by  the  pump,  and  the  subsequent  treatment  for 
nervous  depression  and  gastro-enteritis  to  be  conducted  on  general 
principles. 

Binary  compounds  of  Iodine With   oxygen  it  forms  iodic 

acid  (I05)  and  periodic  acid  (I07),  neither  of  which  is  of  medical 
value.  With  hydrogen  it  forms  iodide  of  hydrogen  (HI),  a  body 
analogous  to  chloride  of  hydrogen.  It  also  combines  with  sul- 
phur, phosphorus,  nitrogen,  chlorine  and  bromine;  but  these  are 
of  little  importance,  instable,  and  not  known  in  medicine. 

Iodide  of  Hydrogen — Hydriodic  Jicid.     HI ;  eq.  127.6 

This  is  a  pungent  gaseous  acid,  fuming  in  the  air,  very  soluble 
in  water,  and  closely  resembling  hydrochloric  acid.  Brought  in 
contact  with  most  metallic  oxides,  it  is  decomposed,  its  hydrogen 
being  replaced  by  the  metal,  and  the  free  oxygen  and  hydrogen 
combining  to  form  water. 

It  has  been  recommended  by  Dr.  Buchanan  as  an  advantageous 
means  of  administering  iodine,  but  according  to  his  experiments, 
possesses  too  little  power,  he  having  used  as  much  as  two  drachms 
of  iodine  in  this  form  during  the  twenty-four  hours. 

bromine. 

Symbol,  Br.     Equivalent,  78.39. 

This  is  like  iodine  found  only  in  the  ocean,  its  products,  and 
saline  springs.     It  is  extracted  from  the  bittern  or  lees  of  salt. 

Characters. — A  brown,  fetid  fluid,  of  sp.  gr.  2.99.  It  solidi- 
fies at  — 4,  and  boils  at  1 13°  F.,  throwing  off  reddish-brown 
vapors.  It  is  highly  volatile,  and  has  to  be  kept  under  the  surface 
of  water. 

Properties. — It  is  a  supporter  of  combustion  to  some  extent, 
the  substances  uniting  with  it  being  converted  into  bromides.  In 
contact  with  water  it  has  bleaching  powers,  and  in  other  respects, 
closely  resembles  chlorine.  It  is  caustic  and  irritating,  and  seems  to 
possess  the  same  therapeutical  action  as  iodine,  but  is  not  used. 
The  antidotes  are  the  same. 
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Tests. — Its  volatility,  odor,  and  action  on  starch  in  giving  it  a 
yellowish  color,  as  well  as  its  solubility  in  ether,  are  charac- 
teristics* of  free  bromine.  The  soluble  bromides  are  precipitated, 
as  a  white  curdy  mass,  by  solution  of  nitrate  of  silver.  The  fresh 
precipitate  is  soluble  in  ammonia,  and  evolves  the  vapor  of  bro- 
mine if  warmed  with  chlorine  water. 

Salts. — The  bromide  of  potassium  has  been  used  as  a  substi- 
tute for  the  iodide  of  potassium  in  double  the  dose.  The  bromide 
of  silver  is  employed  in  the  Daguerreotype. 

Uses. — It  is  used  in  the  Daguerreotype, and  may  be  occasionally 
employed  in  medicine. 

Compounds.— It  forms  a  gaseous  acid  with  hydrogen,  the 
bromide  of  hydrogen,  or  hydrobromic  acid,  HBr,  which  is  very 
analogous  to  the  iodide  and'chloride  of  hydrogen.  With  this  the 
bromides  may  be  formed  by  the  substitution  of  the  hydrogen  by 
a  metal.  With  oxygen  the  bromic  acid,  Br05,  an  instable  body, 
is  formed.  Bromides  of  iodine,  phosphorus,  and  sulphur  also 
exist. 

FLUORINE. 

Symbol,  Fl.     Equivalent,  18.7. 

It  has  not  been  isolated ;  but  its  compound  with  hydrogen, 
fluoride  of  hydrogen,  or  hydrofluoric  acid,  HFJ,  is  well  known. 
This  is  an  extremely  caustic,  volatile  acid,  possessing  the  remark- 
able property  of  corroding  glass,  and  hence  may  be  used  for 
etching  on  that  material.  It  is  very  soluble  in  water,  and  a  solu- 
tion is  sometimes  kept  in  lead  or  silver  vessels  as  a  test  for  silica. 

It  is  powerfully  electro-negative,  and  combines  with  nearly  ail 
the  metals,  but  none  of  the  compounds  are  used.  The  fluoride  of 
calcium  is  a  common  and  beautiful  mineral  called  Derbyshire 
spar,  and  is  also  an  ingredient  in  the  teeth  and  bones  of  animals. 

No  oxygen  compound  is  known ;  the  fluorides  of  sulphur  and 
phosphorus  are  dense  volatile  fluids. 


THE  PHOSPHORUS  GROUP. 

PHOSPHORUS ARSENIC ANTIMONY. 

In  this  important  group,  Prof.  Graham  also  includes  nitrogen. 
These  bodies  occupy  a  low  rank  as  electro-negative  elements, 
and  are  distinguished  from  the  metals  in  not  forming  salifiable 
bases,  except  in  the  case  of  antimony.  They  are  distinctly  iso- 
morphous,  and  are  strikingly  associated  in  their  gaseous  hydro- 
gen compound,  as  well  as  in  some  of  their  acids. 
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PHOSPHORUS. 


Symbol,  P.    Equivalent,  31.44. 

The  equivalent  is  by  Berzelius  taken  at  15.72,  or  half  the 
above.  Phosphorus  does  not  exist  in  nature  in  the  elementary 
form  ;  but  in  the  state  of  combination,  is  found  in  minerals,  plants 
and  animals.  It  is  one  of  the  most  important  organic  bodies. 
For  commercial  purposes,  it  is  obtained  from  bones,  which  contain 
the  phosphate  of  lime.  The  bones  are  calcined  and  treated  with 
dilute  sulphuric  acid ;  the  solution  is  strained,  mixed  with  pounded 
charcoal,  and  when  dry  heated  in  a  stone-ware  retort  to  a  white  heat. 
Phosphorus  passes  over  in  vapor,  and  is  condensed  under  water. 

Characters. — It  is  a  translucent,  almost  colorless  solid,  of  the 
consistence  and  appearance  of  wax.  It  smokes  in  the  air,  and 
emits  a  yellowish  light  in  darkness,  exhaling  a  smell  resembling 
that  of  volatilizing  arsenic.  It  is  brittle  at  32°,  melts  at  113°  and 
boils  at  572°  F.,  distilling  over  unchanged  when  oxygen  is 
absent.     Its  sp.  gr.  is  1.77. 

But  when  colorless  phosphorus  is  exposed  to  light,  it  acquires 
a  red  color,  and  becomes  crystalline,  being  converted  into  the  p 
(beta),  or  inactive  state  of  this  element. 

It  is  found  in  commerce  in  small  sticks,  which  are  made  by 
casting  the  melted  phosphorus,  but  it  may  be  procured  in  dode- 
cahedrons by  evaporating  its  solution  in  sulphuret  of  carbon. 

Properties. — It  readily  inflames  at  113°  F.,  and  has  to  be  kept 
under  water  ;  in  the  vapors  of  iodine  and  bromine,  and  in  chlo- 
rine, it  is  spontaneously  combustible.  In  these  cases,  iodides, 
bromides,  &c,  of  phosphorus  are  formed.  It  dissolves  in  oils, 
ether  and  sulphuret  of  carbon,  imparting  a  luminous  appearance 
to  these  fluids  in  the  dark.  The  vapor,  which  rises  from  phos- 
phorus at  common  temperatures  in  the  air,  is  phosphorous  acid, 
P03 ;  but  when  it  is  burnt,  it  forms  anhydrous  phosphoric  acid, 
PCX  It  combines  with  the  metals,  forming  phosphuretsor  phos- 
phides. 

7,ests. — Its  great  inflammability,  waxy  appearance,  and  phos- 
phorescence are  characteristic. 

Compounds. — The  phosphuret  of  calcium  is  employed  to  ob- 
tain phosphuretted  hydrogen.  Several  phosphurets  exist  in 
nature,  but  are  not  employed  in  the  arts  or  in  medicine. 

Uses.< — It  is  used  in  the  manufacture  of  friction  matches,  and 
sparingly  in  medicine.  For  medicinal  purposes,  the  phosphorus 
should  be  dissolved  in  olive  or  almond  oil  in  preference  to  ether, 
which  will  volatilize,  and  leave  the  inflammable  solid  in  contact 
with  the  stomach.     It  has  been  used  in  doses  of  ^  to  T'jofa 
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grain,  as  a  nervous  stimulant,  in  which  respect  it  is  said  to  be  supe- 
rior to  any  known  medicine,  in  the  typhoid  states  which  follow 
some  fevers,  in  nervous  debility,  paralysis,  and  diseases  arising 
from  an  enfeebled  state  of  the  body.  It  is  said  to  be  a  powerful 
aphrodisiac.  It  should  always  be  given  with  a  large  amount  of 
oil  or  a  demulcent  body,  for  the  free  element  is  poisonous. 

Poisoning. — Two  or  three  grains  of  common  phosphorus  are 
said  to  have  produced  death,  whilst  upwards  of  sixteen  have 
failed  to  do  so.  This  discrepancy  may  arise  from  the  condition 
of  the  stomach,  and  the  supervention  of  vomiting.  It  produces 
violent  inflammation  of  the  stomach  and  intestines,  with  purging 
and  vomiting.  The  treatment  should  be  directed  to  the  evacuation 
of  the  poison,  and  administration  of  demulcents  to  defend  the  mu- 
cous membrane  of  the  stomach  and  intestines. 

Phosphorus  with  Oxygen. — It  forms  four  compounds  with 
oxygen,  of  which  the  phosphoric  acid  is  the  only  one  of  import- 
ance ;  they  are  as  follows  : — 

Oxide  of  phosphorus=P20  Phosphorous  acid=P03 

Hypophosphorous  acid=PO  Phosphoric  acid=P05 

Oxide  of  phosphorus  is  a  yellowish-red  powder,  which  may  be 
formed  by  burning  phosphorus  in  a  stream  of  oxygen  under 
water. — Hypophosphorous  acid  is  formed  Avhen  phosphorus  is 
boiled  in  alkaline  solutions  ;  it  is  little  known. — Phosphorous  acid 
is  obtained  by  the  slow  combustion  of  phosphorus  in  air,  and  is  a 
powerfully  deoxydizing  agent. 

Phosphoric  Acid.  Symbol,  as  usually  written,  P05 ;  eq.  71 .44. 
— There  are  four  compounds  included  under  the  general  name 
of  phosphoric  acid.     These  are: — 

Anhydrous  phosphoric  acid  P05 

Monobasic  phosphoric  acid  (metapltosphoric  acid)  POs-f-HO  or  H-f-P06 
Bibasic  phosphoric  acid  (pyrophosphoric  acid)  P05-f-2HO  or  H-|~P06-f-HO 
Tribasic  phosphoric  acid  (common  phosphoric  acid)  PO--f-3HO   or  H4-P0B, 
+2HO. 

The  anhydrous  phosphoric  acid  is  obtained  by  burning  phos- 
phorus in  an  abundance  of  air  or  dry  oxygen  gas.  It  is  a  white 
solid,  possessing  an  intense  affinity  for  water,  with  which  it  hisses; 
it  is  converted  by  this  union  into  the  tribasic  acid.  Once 
formed,  no  degree  of  heat  is  capable  of  separating  all  the  water; 
but  at  less  than  400°  F.,  one  of  the  three  atoms  is  driven  off,  and 
the  bibasic  acid  is  produced  ; — a  full  red  heat  drives  off  a  second 
atom,  and  there  is  formed  the  monobasic  or  glacial  phosphoric  acid. 
This  retains  its  structure  at  the  highest  temperatures,  and  is  the 
radical  compound  ;  hence  we  prefer  writing  the  formula  of  these 
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acids  H+P06  and  H  +  P06,HO,  &c,  to  making  it  H+P06;  2H 
-f  P07 ;  3H  +  P08,  as  is  done  by  some  authors. 

The  anhydrous  body,  spoken  of  above,  cannot  be  called  an 
acid,  for  it  does  not  combine  either  with  metals  or  metallic  oxides. 
It  is  fixed,  excepting  as  respects  water.  Of  the  three  acids,  the 
tribasic  is  the  common  product  where  water  is  present,  the  other 
two  being  instable,  and  convertible  by  boiling  into  the  tribasic 
form.  But  monobasic  or  pyrophosphoric  acid  is  the  active  body 
at  high  temperatures,  and  exists  in  minerals. 

A  solution  of  either  of  these  acids  in  combination  with  soda 
produces  a  characteristic  precipitate  with  nitrate  of  silver.  The 
monobasic  phosphate  throws  down  a  white  gelatinous  preci- 
pitate. The  bibasic  phosphate  is  white,  and  contains  two  atoms 
of  silver,  which  may  be  represented  in  the  formula  Ag,P06-fAgO. 
The  tribasic  phosphate  throws  down  a  canary  yellow  body,  which 
is,  according  to  the  above  notation,  Ag,P06+2AgO. 

The  phosphates  of  the  body,  of  animals  and  of  plants,  are  tribasic, 
and  in  the  ordinary  reactions  of  chemistry,  it  is  the  form  which  is 
present.  It  may  be  obtained  by  cautious  evaporation  in  deliques- 
cent crystals,  is  intensely  sour,  reddens  litmus,  is  very  soluble  in 
water,  and  is  not  caustic.  In  very  large  amounts,  and  in  the  con- 
centrated state,  it  is  said  to  be  a  corrosive  poison,  and  is  to  be 
treated  by  the  same  means  as  nitric  acid. 

It  forms  three  series  of  salts,  one  in  which  the  hydrogen  only 
is  replaced  by  another  metal,  another  in  which  an  atom  of  HO  is 
also  replaced,  and  a  third  in  whicri*the  hydrogen  and  both  atoms 
of  water  are  replaced.  The  bases  may  be  different  in  these  cases. 
The  salts  will  be  as  follows: — 

M,P06+2HO 
M,P06+MO,HO 
M,P06+2MO. 
In  which  M  represents  a  metal  or  compound  electro-positive  radi- 
cal, as  ammonium.    Soda  presents  instances  of  these  three  forms. 

The  tribasic  phosphate  of  soda  with  alkaline  reactionNa,P06-f-2NaO 
The  neutral  tribasic  phosphate=Na,P06-|-Na04-HO 
The  tribasic  phosphate  with  acid  reaction=Na,P06-r-2HO. 

All  these  precipitate  the  nitrate  of  silver  of  a  canary  yellow 
color.  These  salts  are  remarkable,  and  closely  connected  with 
the  functions  of  the  human  body.  One  of  them  plays  the  part  of 
an  acid,  and  is  found  in  the  gastric  juice,  giving  to  that  fluid 
acidity  ;  and  the  alkaline  phosphate  is  present  in  the  saliva,  blood, 
chyle  and  lymph,  and  endows  these  and  other  fluids  of  the  body 
with  alkalescency. 

Uses. — The  tribasic  phosphoric  acid  is  the  only  one  used ;  it 
has  been  recommended  as  a  tonic,  refrigerant  and  febrifuge,  in  the 
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dose  of  one  to  three  grains  in  a  weak  solution.  It  does  not  appear 
to  be  superior  to  the  common  mineral  acids  ;  but  is  much  milder, 
and  less  apt  to  disagree.  It  has  been  also  recommended  in  caries 
and  other  diseases  of  the  bones ;  as  a  nervous  sedative,  and  for 
other  purposes,  but  is  little  employed. 

Salts. — The  tribasic  phosphate  of  soda  is  employed  as  a 
chemical  reagent,  and  the  phosphate  of  soda  and  oxide  of  ammo- 
nium (microcosmic  salt)  in  blowpipe  analysis.  The  latter  is  a 
tribasic  phosphate,  in  which  an  atom  of  oxide  of  ammonium  takes 
the  place  of  an  equivalent  of  water  ;  its  formula  is  Na,P06,NH40, 
HO.  The  tribasic  phosphate  of  soda  with  alkaline  reaction,  Na, 
POg,2NaO,  exists  throughout  the  fluids  of  the  human  body, 
giving  them  an  alkaline  reaction.  The  tribasic  phosphate  with 
acid  reaction,  Na,P06,2HO,  exists  in  the  gastric  juice,  is  said 
also  to  be  present  in  the  fluid  derived  from  the  muscles  by  pres- 
sure, and  to  give  healthy  urine  its  acid  reaction.  Bone  earth 
contains  two  tribasic  phosphates  of  lime,  and  has  the  following 
composition,  Ca,P06,2CaO+Ca,P06,CaO,HO  ;  in  combination 
with  two  atoms  of  water  of  crystallization,  it  forms  a  hard,  smooth 
and  pale  brown  calculus. 

The  ammoniaco-magnesian  phosphate  of  the  urine  and  of  cal- 
culi is  a  tribasic  phosphate,  in  which  an  atom  of  oxide  of  ammo- 
nium takes  the  place  of  an  equivalent  of  water ;  its  formula  is 
Mg,P06,MgO,NH40,  and  when  crystallized,  it  contains  19  Aq. 
The  common  fusible  calculus,  so  called  because  it  fuses  into  a  clear 
globule  before  the  blowpipe,  is  a  compound  of  this  body  and  bone 
earth  ;  this  form  of  calculus  often  attains  a  great  size,  and  is 
found  in  old  and  exhausted  patients.  The  tribasic  phosphates  of 
ammonia  and  potash  are  also  found  in  the  human  body. 

In  plants,  the  tribasic  phosphates,  especially  of  potash,  soda, 
lime  and  magnesia,  play  an  important  part.  They  are  invariably 
found  in  the  seeds  of  the  cerealia,  and  no  mature  grains  are  pro- 
duced where  phosphates  are  absent  in  the  soil.  Corn,  wheat, 
and  the  varieties  of  the  bean,  contain  phosphates  almost  exclu- 
sively in  their  meal,  and  owe  some  portion  of  their  nutritiousness 
to  the  presence  of  these  salts.  For  the  production  of  abundant 
crops  of  grain,  it  is  necessary  the  soil  should  be  naturally  rich  in 
these  salts,  or  that  manures  containing  them  be  applied.  And  as 
they  are  but  sparingly  present,  they  are  soon  exhausted  by  a  suc- 
cession of  grain  crops  ;  when  bone  earth  and  specimens  of  lime 
which  contain  phosphates  are  found  to  be  the  best  amendments. 

But  plants  possess  an  interesting  action  on  the  phosphates  sup- 
plied to  them  from  the  soil;  they  decompose  them  loa  limited  extent, 
reducing  the  phosphorus.  This  enters  into  combination  with  a 
certain  proximate  principle  (proteine)  to  form  fibrine  and  albumen. 
The  phosphorus  of  these  nutritious  bodies  discharges  the  most 
18 
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important  functions  in  the  frame  of  animals,  being  in  process  of 
time  reconverted  into  phosphoric  acid  by  oxydation,  and  serving  to 
increase  the  amount  of  phosphates  in  the  urine.  All  the  phos- 
phates are  soluble  in  the  strong  acids. 

Uses. — Phosphorus  is  procured  in  the  arts  from  burnt  bones 
which  furnish  phosphate  of  lime.  Crushed  bones  are  also  abund- 
antly employed  in  agriculture.  The  phosphates  of  soda  and  micro- 
cosmic  salt  are  used  in  analysis.  The  phosphates  of  soda  and 
iron  have  been  introduced  into  medicine  ;  the  former  is  termed 
tasteless  purging  salt,  and  is  an  agreeable  laxative  in  doses  of 
two  drachms  to  half  an  ounce,  and  an  active  purge  in  doses  to 
one  ounce  or  more  ;  the  iron  salt  is  of  little  importance,  being  very 
insoluble,  but  it  is  said  to  be  a  mild  chalybeate. 

We  take  this  opportunity  of  turning  the  attention  of  the  profession 
to  the  remarkable  properties  of  the  tribasic  phosphate  of  soda  with 
acid  reaction  (Na,P06,2HO),  in  endowing  the  gastric  juice  with  its 
power  to  digest  animal  food,  and  as  a  solvent  in  the  urine.  It 
appears  to  us  that  it  is  worthy  of  trial  in  cases  of  dyspepsia,  and 
as  a  solvent  of  those  varieties  of  calculus  which  contain  phos- 
phates. It  is  readily  prepared  by  digesting  common  phosphate 
of  soda  in  a  solution  of  phosphoric  acid. 

Phosphorus  with  Hydrogen.  Symbol  H3P. — There  are  two 
gases  having  this  composition,  one  spontaneously  inflammable  in 
the  air,  the  other  not  having  this  property,  but  distinguished  by  a 
disagreeable  odor  resembling  that  of  garlic.  These  are  isomeric, 
and  owe  their  difference  to  the  allotropic  state  of  the  phosphorus, 
the  inflammable  body  being  a  compound  of  alpha  phosphorus,  and 
the  other  of  /3  phosphorus. 

They  are  obtained  by  warming  the  phosphuret  of  calcium  with 
water,  when  the  phosphorus  of  the  calcium  unites  with  the  hy- 
drogen of  water  forming  the  gas,  and  the  calcium  combining  with 
the  oxygen  of  the  decomposed  water  forms  oxide  of  calcium,  or 
lime. 

The  gas  is  colorless,  and  in  the  alpha  form  bursts  into  flame  on 
coming  in  contact  with  the  air  or  oxygen.  The  combustion  is 
attended  with  the  production  of  beautiful  wreaths  of  white  smoke, 
consisting  of  phosphoric  acid.  It  is  sparingly  produced  over 
marshes,  and  when  inflamed,  constitutes  the  ignis  fatuus,or  "  Will- 
with-the-wisp,"  spoken  of  by  travellers. 
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ARSENIC. 

Symbol,  As.     Equivalent,  74.34. 

Arsenic  has  the  appearance  of  a  metal,  but  forms  no  basic 
oxide.  It  is  found  in  the  elementary  state  as  a  rare  mineral,  but 
is  abundant  in  combination  with  cobalt,  copper,  iron,  and  other 
metals,  forming  arseniurets  with  these  bodies.  It  also  exists  in 
the  form  of  native  arsenious  acid,  and  as  arseniates.  The  equiva- 
lent is  sometimes  taken  at  half  the  above  number. 

Characters. — Elementary  arsenic,  or,  as  it  is  called  by  Profes- 
sor Pereira,  Arsenicum,  is  a  black  solid  of  metallic  appearance 
and  lustre,  very  brittle,  crystallizing  in  rhombohedrons;  its  sp.  gr. 
is  5.88.  It  sublimes  at  356°  F.,  without  previous  fusion,  into  a 
crystalline  mass. 

Properties. — It  possesses  all  the  properties  of  an  electro-nega- 
tive body,  combining  with  most  metals  to  form  arseniurets,  which 
are  frequently  of  a  white  metallic  appearance.  Its  alloys  are 
brittle.  When  produced  by  the  action  of  charcoal  upon  arsenious 
acid,  it  evolves  a  garlic-like  odor,  but  this  does  not  belong  to  the 
metal.  It  tarnishes  in  moist  air,  and  becomes  slowly  oxydized. 
In  the  elementary  state,  arsenic  is  not  poisonous,  but  the  facility 
with  which  it  changes  renders  it  a  disagreeable  substance  at  all 
times.     It  is  employed  in  a  few  alloys. 

Tests. — Its  rich,  black  and  lustrous  appearance,  high  degree  of 
volatility,  and  capacity  of  subliming  without  fusion,  are  charac- 
teristic. But  it  may  be  advisable  to  warm  it  in  an  open  tube, 
subject  to  a  current  of  air,  by  which  it  is  sublimed  and  converted 
into  a  white  crystalline  powder,  arsenious  acid.  The  degree  of 
heat,  356°  F.,  enables  us  to  distinguish  it  from  antimony,  which  does 
not  sublime  short  of  a  white  heat,  which  no  glass  tube  is  capable 
of  withstanding  without  fusion. 

Compounds. — The  most  important  compounds  of  arsenic  are  as 
follows : 

The  suboxide  (fly  powder,  or  black  oxide). 

Arsenious  acid  (white  arsenic),  As03. 

Arsenic  acid,  AsOg. 

Arseniuretted  hydrogen,  H3As. 

Bisulphuret  of  arsenic  (Realgar),  AsS2. 

Tersulphuret  of  arsenic. — Sulpharsenious  acid  (orpiment),  AsS3. 

There  are  also  a  chloride,  iodide,  bromide,  and  fluoride. 

The  Suboxide  of  Arsenic. — This  is  a  black  dull  powder,  into 
which  arsenic  resolves  itself  by  long  exposure  to  the  air.  It  has 
not  been  analyzed,  and  many  suppose  it  to  be  a  mixture  of  arseni- 
ous  acid  and  the  element,  because  it  is  resolved  into  these  bodies 
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by  sublimation.  But  the  fly-powder  of  the  shops,  which  is  most 
culpably  employed,  exposed  with  water  and  sugar  in  saucers,  for 
the  purpose  of  killing  flies,  is  not  a  uniform  product,  but  usually 
a  mixture  containing  arsenious  acid,  sulphur,  lamp  black,  and 
other  bodies.  It  is  often  the  cause  of  poisoning,  in  which  cases, 
the  treatment  and  examination  indicated  for  arsenious  acid  are 
necessary,  inasmuch  as  the  injurious  effects  arise  from  this  body. 
Arsenious  Acid — White  Oxide  of  Arsenic — White  Arsenic. 
Symb.  As03;  eq.  98.34. — It  is  found  as  a  rare  metal  in  the 
native  state,  but  is  obtained  in  large  quantity  for  commercial  pur- 
poses, by  roasting  the  ores  of  iron,  and  cobalt,  which  contain  it. 
The  arsenious  acid  is  obtained  by  the  action  of  the  oxygen  of  the 
air  on  the  metal,  and  sublimes  in  flues  built  for  the  purpose. 
This  coarse  product  is  next  purified  by  a  careful  re-sublimation. 

Characters. — It  appears  in  commerce  in  two  forms,  as  trans- 
lucent slabs  of  a  light  yellowish  tint  and  glassy  appearance,  and 
in  opaque  white  porcelainous  lumps,  with  a  conchoidal  fracture, 
and  frequently  translucent  interiorly.  The  translucent  variety 
passes  into  the  opaque,  the  difference  depending  upon  crystalline 
figure,  for  this  acid  possesses  dimorphism,  and  the  former  con- 
sists of  large  right  rhombic  prisms,  whilst  the  white  acid  is  made 
up  of  minute  octahedrons.  There  is  a  slight  difference  in  the 
solubility  and  sp.  gr.  of  the  two — the  transparent  having  sp.  gr. 
3.74,  and  100  pts.  of  boiling  water  dissolving  9.08  parts;  whilst 
the  opaque  has  sp.  gr.  3.69,  and  boiling  water  takes  up  11.47 
per  cent.  A  solution  of  the  vitreous  acid  reddens  litmus  paper, 
whilst  that  of  the  opaque  does  so  but  slightly.  The  taste  of  arseni- 
ous acid  is  scarcely  appreciable,  but  it  leaves  an  acrid  sensation 
on  the  tongue.  It  is  volatile,  subliming  without  fusion  at  380°  F.; 
its  vapour  is  very  dense,  inodorous,  and  is  soon  condensed.  When 
the  sublimation  is  slow,  brilliant  octahedrons  are  obtained,  which 
are  very  characteristic  of  this  body.  The  powder  of  arsenious 
acid  is  of  a  dull  white. 

Properties. — Arsenious  acid  dissolves  in  the  alkaline  solutions, 
forming  soft  uncrystallizable  arsenites.  The  acid  is  readily  dis- 
solved by  hydrochloric  acid;  it  is  also  dissolved  by  alcohol  and 
oils,  and  but  sparingly  by  cold  water.  It  is  not  distinguished  for 
chemical  activity,  and  is  readily  reduced  from  its  compounds  by 
the  action  of  charcoal  and  carbonate  of  soda  with  heat,  being  re- 
solved  into  elementary  arsenic  and  oxygen.  But  on  organic 
bodies  it  possesses  considerable  activity,  combining  with  them  to 
form  indestructible  compounds;  it  is  on  this  quality  that  its  anti- 
septic and  poisonous  properties  depend.  The  bodies  of  persons 
poisoned  have  been  found  almost  perfect,  but  resembling  mum- 
mies, long  after  their  death.     It  is  also  destructive  to  vegetables. 

Tests. — The  powder  mixed  with  three  times  its  weight  of  re- 
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cently  heated,  but  cold  charcoal,  and  heated  over  a  spirit  lamp,  in 
a  test  tube  is  reduced — a  crust  of  metallic  arsenic  appearing  about 
half  an  inch  from  the  part  occupied  by  the  flame.  This  crust  is 
of  a  steel-like  appearance  exteriorly,  and  readily  sublimes  bv  heat, 
being  converted  after  two  or  three'sublimations  into  a  white  crys- 
talline powder  of  arsenious  acid,  which  occupies  the  cooler  parts 
of  the  tube.  During  the  reduction,  an  odor  of  garlic  is  perceived 
by  smelling  at  the  top  of  the  tube.  The  arsenical  powder  is  also 
volatile  in  the  open  air  without  fusion.  If  the  arsenious  acid  be 
in  a  clear  solution,  it  may  be  examined  by  four  means. 

1.  The  ummonio-nilrate  of  silver  test.  Hume's  test. — This 
test  should  be  freshly  prepared  ;  it  is  made  by  cautiously  adding 
solution  of  ammonia  to  a  fresh  and  clear  solution  of  nitrate  of 
silver.  The  precipitate  at  first  formed  is  to  be  redissolved  by  a 
further  addition  of  ammonia  until  it  is  about  disappearing.  There 
must  not  be  an  excess  of  either  ammonia  or  nitrate  of  silver,  for 
in  the  first  case  arsenious  acid  will  not  be  precipitated,  and  in  the 
second  a  similar  yellow  precipitate  will  be  produced  with  tribasic 
phosphoric  acid  or  its  soluble  salts.  When  the  test  is  properly 
prepared,  it  throws  down  arsenious  acid  in  combination  with 
silver  (arsenite  of  silver)  of  a  canary  yellow  color.  This  is  a 
very  satisfactory  test  in  a  pure  solution,  but  of  no  value  where 
other  acids  or  saline  matters  are  present. 

2.  The  ammonio-sulphate  of  copper  test.  Scheele's  test.—- 
Add  ammonia  cautiously  to  a  weak  solution  of  sulphate  of  copper, 
until  the  precipitate  first  formed  is  just  redissolved — too  much 
ammonia  destroys  the  test.  This  throws  down  a  rich  green  pre- 
cipitate with  solution  of  arsenious  acid,  the  arsenite  of  copper. 
This  is  a  good  test,  but  inapplicable  in  organic  fluids  which  con- 
tain tannin,  or  are  colored. 

3.  The  sulphuretted  hydrogen  lest. — Pass  a  stream  of  sul- 
phuretted hydrogen  through  the  solution, 
slightly  acidulated  with  hydrochloric  acid,  and 
it  will  acquire  a  golden  tint,  (the  ter-sulphu- 
ret  of  arsenic,)  which  may  be  precipitated  by 
boiling.  The  simple  apparatus  depicted  in 
the  figure  will  answer  for  this  purpose;  the 
generating  bottle  contains  sulphuret  of  iron 
and  dilute  sulphuric  acid. 

This  test  is  not  of  much  use  by  itself,  for 
solutions  containing  tin,  cadmium,  antimony 
and  selenic  acid,  also  yield  yellow  precipi- 
tates. But  the  yellow  sulphuret  of  arsenic 
dissolves  in  ammonia,  forming  a  colorless  solu- 
tion, which  is  not  the  case  with  the  other  precipitates.  The  most 
decisive  test  is,  however,  to  collect  the  yellow  precipitate,  dry,  mix 
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with  charcoal  and  carbonate  of  soda,  and  place  in  the  reducing 
tube,  takino-  care  to  have  the  mixture  quite  dry.  If  arsenious 
acid  be  present,  it  will  be  reduced  and  form  the  black  shining 
crust  of  elementary  arsenic.  This  may  be  tested  by  re-sublima- 
tion, &c.  If  all  the  precautions  pointed  out  be  adopted,  this  test, 
which  is,  however,  tedious,  may  be  employed  in  detecting  the  poi- 
son in  organic  mixtures,  as  the  contents  of  the  stomach. 

The  copper  test. — If  strips  of  bright  copper  be  boiled  in  pure 
hydrochloric  acid,  they  are  not  tarnished,  but  if  arsenic,  anti- 
mony, bismuth,  mercury,  and  a  kw  other  metals,  be  present,  the 
copper  is  partly  dissolved,  and  these  metals  precipitated  on  its 
surface.  This  is,  perhaps,  the  most  delicate  test  for  the  presence 
of  arsenic  in  muriatic  acid,  as  recommended  by  M.  Runge — Jess 
than  the  ^^th  of  a  grain  having  been  detected  by  me  in  this 
way.  It  is  to  be  remarked  that  both  the  muriatic  and  sulphuric 
acids  of  commerce  occasionally  contain  arsenic,  and  they  must 
be  purified  by  this  means,  before  use  for  the  detection  of  this 
agent.  The  strip  must  not  be  heated  too  long,  or  the  black 
scales  of  arsenic  fall  off. 

The  color  acquired  by  the  copper  strip  enables  us,  in  some 
measure,  to  discriminate  between  these  metals,  but  is  not  a 
safe  test.  The  tarnished  strips  have  to  be  carefully  washed 
in  warm  water,  dried,  and  then  transferred  to  a  small  tube  of 
Bohemian  gas,  drawn  to  a  point  at  one  end,  but  open.  The  flame 
of  a  spirit  lamp  is  next  made  to  travel  over  the  tube  so  as  to  drive 
out  all  moisture.  Heat  is  then  to  be  applied  near  the  pointed  end 
to  the  metal,  and  slowly  advanced  until  the  metal  is  made  nearly 
red  hot.  If  any  arsenic  be  present,  it  will  be  found  about  half  an 
inch  in  advance  of  the  metal,  in  brilliant  octahedral  crystals  of 
arsenious  acid. 

These  cannot  be  mistaken  for  any  other  substance,  but  as  mer- 
cury may  be  present  in  the  contents  of  the  stomach,  and  would 
be  sublimed,  although  not  as  a  crystalline  white  body,  it  is  well 
to  cut  the  tube  with  a  file  below  the  sublimate,  and  dissolve  it  in 
boiling  distilled  water.  The  solution  may  now  be  tested  by  the 
ammonio-nitrate  of  silver  and  the  ammonio-sulphate  of  copper.  Or 
the  sublimate  may  be  separated,  mixed  with  freshly  burnt  charcoal, 
and  reduced  for  the  purpose  of  obtaining  the  metallic  crust. 

These  manipulations  are  simple,  and  may  be  expeditiously 
made  ;  they  also  enable  us  to  discriminate  between  any  medicines, 
which  may  be  present  in  the  stomach  of  the  deceased,*  and  the 
poison.     For  this  purpose  the  other  fluid  tests  are  useless,  and 

*  The  reader  will  find  every  particular  on  this  subject,  in  my  paper  on 
the  introduction  of  this  test  into  medico-legal  inquiries.  See  The  American 
Journal  of  Science  (Silliman's)  for  January,  1842. 
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considering  all  things,  I  have  more  confidence  in  this  test  than  in 
any  of  the  preceding,  or  in  Mr.  Marsh's,  which  follows. 

Hence  I  proposed  its  introduction  into  medico-legal  investiga- 
tions in  January,  1842,  and  find  that  Professor  Christison  has 
adopted  it,  but  without  mentioning  my  communication,  which  was 
reprinted  in  the  Edinburgh  Philosophical  Magazine,  and  seen  by 
him,  for  he  quotes  passages  from  it. 

Marsh's  test.  Thearseniuretted  hydrogen  test.' — The  suspected 
fluid  is  in  this  case  to  be  placed  in  a  bottle,  furnished  with  a  cork  and 
jette  tube  of  glass,  and  mixed  with  zinc  and  dilute  sulphuric  acid. 
The  dilute  acid  generates,  by  contact  with  the  zinc,  hydrogen  gas, 
which  unites  with  any  arsenic  present,  and  rises  as  arseniuretted 
hydrogen.  The  gas  is  colorless,  has  a  garlic-like  odor,  and  is 
readily  inflammable,  burning  with  a  pale  blue  flame.  It  is  to  be 
set  on  fire  as  it  issues"  a  smoke  of  arsenious  acid  is  seen  to  rise 
from  it,  and  if  a  clean  piece  of  white  porcelain,  or  a  piece  of  glass, 
be  held  in  the  flame,  a  stain  will  be  produced,  consisting  of  a 
central  black  portion  of  metallic  arsenic,  surrounded  by  a  white 
ring  of  arsenious  acid.  If  the  glass  be  held  entirely  above  the 
flame,  then  the  white  deposit  only  is  obtained.  Identical  appear- 
ances are  obtained  if  antimony,  or  its  compounds,  be  present  in 
the  fluid,  but  the  black  crust  of  metallic  antimony  does  not  sub- 
lime at  the  low  heat  at  which  arsenic  is  volatilized,  and  this  fur- 
nishes us  with  a  means  of  discrimination. 

The  figure  (53)  represents  a  simple  apparatus  for  making  this 
test.    Fig.  54  represents  Marsh's  apparatus  of  the  common  figure. 


Fig.  53. 
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There  are  several  objections  to  Marsh's  test.     It  is  not  as  deli- 
cate as  the  copper  test  recommended  by  me,  for  I  have  discrimi- 
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nated  a  -i-th  of  a  grain  of  arsenious  acid,  and  Mr.  Brett  obtained 
-J-th  as  the  minimum  by  Marsh's  apparatus.  The  gases  may 
explode.  In  organic  mixtures,  there  is  so  much  froth  produced  as 
to  render  the  combustion  impossible,  unless  additional  manipula- 
tions be  employed.  For  this  purpose  the  organic  matter  is  to  be 
precipitated  by  nitrate  of  silver,  or  charred  by  heating  with  strong 
sulphuric  acid.  The  products  evaporated  nearly  to  dryness,  and 
then  redissolved  in  pure  water.  Again,  the  zinc  and  sulphuric 
acid  both  occasionally  contain  arsenic. 

Certain  improvements  have  been  made  in  this  test  by  Liebig, 
Lassaigne,  and  others.  The  apparatus  represents  one  of  these 
improvements,  Fig.  55. 


Fig.  55. 
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Description. — The  bottle  a,  or  a  two  or  three-necked  bottle,  is 
employed  to  generate  the  gas,  and  is  preferable  to  Marsh's  tube, 
for  it  enables  us  to  operate  on  larger  quantities,  without  using 
nitrate   of  silver  or  sulphuric  acid  to  destroy  the  animal  matter: 
fresh  dilute  sulphuric  acid  is  readily  introduced  by  the  funnel 
b,  the  end  of  which  passes  nearly  to  the  bottom  of  the  gene- 
rating bottle ;  c  is  the  escape  tube  along  which  the  arseniuret- 
ted  hydrogen  flows;   the  bulb  is  intended  to  condense  any  fluid 
which  may  rise,  and  the  wide  tube  d  filled  with  dry  chloride  of 
calcium  or  asbestos,  answers  a  similar  purpose,  and  hinders  the 
passage  of  bubbles  of  froth.     A  small  tube  e,  of  hard  Bohemian 
glass,  entirely  free  from  lead,  is  inserted  into  the  condensing  tube 
by  a  cork ;  it  terminates  in  a  jette.      G  represents  a  piece  of  pla- 
tinum curved  over  the  tube,  and  f,  a  spirit  lamp,  for  the  purpose 
of  bringing  the  tube  e  to  a  red  heat,  and  maintaining  its  tempera- 
ture;  by  which   any  arsenic   in  the  effluent  gas  is   reduced,  and 
collects  in  a  metallic  crust  a  little  beyond  the  heated  portion  of  the 
tube.     The  gas  may  also  be  inflamed  at  the  jette.     H  represents 
another  bent  tube,  which  may  be  attached  by  a  cork  to  the  chloride 
of  calcium  tube,  so  as  to  conduct  the  gas  into  a  test  glass  i. 
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The  above  apparatus  is  for  the  purpose  of  testing  the  effluent 
gas  by  heat,  which  causes  any  arsenic  it  contains  to  be  precipi- 
tated as  a  metallic  crust— but  this  effect  also  follows  if  antimony 
be  present.  Or  the  gas  may  be  conducted  through  a  solution  of 
nitrate  of  silver,  in  which,  if  arsenic  be  present,  a  black  precipitate 
falls,  and  a  solution  of  arsenious  acid  with  nitric  acid  is  obtained. 
A  little  hydrochloric  acid  being  added,  any  free  nitrate  of  silver  is 
precipitated,  and  the  arsenious  acid  may  be  tested  as  before. 

But,  notwithstanding  these  improvements,  Marsh's  test  is  open 
to  serious  objections  where  organic  matters  are  present,  for  if  but 
a  minute  quantity  of  empyreumatic  oil  rise  with  the  vapor,  it  will 
form  a  black  stain  at  the  heated  part  of  the  discharging  tube. 
Messrs.  Danger  and  Flandin  find,  also,  that,  when  the  direct  test, 
by  holding  a  white  piece  of  plate  or  of  glass  over  the  flame,  is 
employed,  stains  may  be  produced  consisting  of  sulphite  and 
phosphite  of  ammonia  with  carbonaceous  matter. 

Conclusion  on  Testing. — The  collection  of  the  arsenic  from 
the  body  is  effected  by  scraping  the  coats  of  the  stomach,  if  any 
white  powder  be  apparent  thereon.  Otherwise,  the  stomach  is  to 
be  cut  up  into  pieces  and  boiled  with  dilute  hydrochloric  acid,  in 
a  glass  vessel.  The  contents  of  the  stomach  and  matters  vomited 
may  also  be  boiled  with  the  acid.  It  greatly  assists  the  solubility 
of  the  arsenious  acid.  If  the  liver,  kidney,  or  other  viscus,  is  to 
be  examined  in  cases  of  death  from  slow  poisoning,  it  is  cut 
up  into  fine  pieces,  and  treated  in  the  same  manner.  The  clear 
portions  are  to  be  separated  by  straining  with  pressure  through 
strong  linen,  and  it  will  be  well  to  add  to  the  solids,  after  the  first 
straining,  a  second  or  third  dose  of  dilute  acid,  and  this  exhausts 
them  of  all  arsenious  acid.  The  liquid  is  now  evaporated  to  a 
small  compass.  This  is  all  that  is  necessary  if  my  plan  of  using 
copper  strips  be  employed;  but  if  the  further  examination  is  to  be 
carried  on  in  Marsh's  apparatus,  another  step  is  necessary.  The 
concentrated  solution  is  to  be  mixed  with  about  J  th  of  strong  sul- 
phuric acid,  and  heated  to  dryness,  care  being  taken  not  to  elevate 
the  temperature  to  300°  F.  A  solution  in  boiling  water  is  now 
made  and  filtered,  and  this  is  employed  in  the  generating  bottle. 

The  plan  recommended  by  me  is  to  collect  the  poison  with  cop- 
per, using  strips  three  inches  long  and  id  of  an  inch  wide,  boiling 
the  muriatic  acid  solution  upon  them  slowly,  and  removing  the  cop- 
per as  soon  as  the  exterior  becomes  black,  and  before  the  crust 
falls  off.  A  number  of  strips  may  be  used,  and  thus  any  amount  of 
arsenic  may  be  collected.  These  are  next  to  be  introduced  into 
suitable  subliming  tubes,  of  as  small  a  size  as  possible,  and  heated, 
as  stated  in  the  remarks  on  this  test.  A  part  of  the  arsenious  acid 
may  be  next  reduced  with  charcoal,  and  other  portions  tested  with 
the  salts  of  silver,  and  of  copper,  and  also  by  sulphuretted  hydro- 
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Fig.  56. 


When  the  amount  of  arsenious  acid  is  small,  Berzelius's 
test  tube  had  better  be  employed  in  the 
reduction.  Fig.  56  represents  this  ves- 
sel, and  the  method  of  using  it. 

Great  care  must  be  taken,  in  all  the 
cases  of  reduction,  that  the  glass  be  free 
from  lead,  which  is  stained  of  a  black 
metallic  color  by  heat,  and  that  no  par- 
ticles of  charcoal  or  empyreumatic 
matters  be  mistaken  for  the  arsenical 
crust.  To  be  certain  on  these  points, 
the  tube  must  be  accurately  cleaned 
with  a  piece  of  linen  attached  to  a  wire, 
until  it  is  dry,  and  free  from  all  stains. 
If  Marsh's  test  be  preferred,  the  stain 
on  white  porcelain  or  glass  is  to  be  obtained,  and  subsequently 
examined  by  heat  and  solution  as  heretofore.  No  one  test  is  suf- 
ficient, and  in  the  courts  of  law,  in  the  present  day,  it  is  expected 
that  all  methods  of  examination  have  been  made. 

One  further  practical  observation  is  necessary  before  closing 
this  part  of  the  subject.  It  will  be  remembered  that  arsenic  acid, 
which  is  equally,  if  not  more  poisonous,  than  arsenious  acid,  is 
isomorphous  with  the  phosphoric  acid.  Orfila  asserts  that  the 
arseniate  of  lime  is  occasionally  present  in  the  bones  and  other 
tissues  of  the  bodies  of  animals,  and  the  thing  is  chemically  pro- 
bable, although  subsequent  and  acute  observers  have  not  found  it. 
The  mass  of  evidence  is  against  it;  moreover,  Orfila  states  that,  in 
these  cases,  the  arsenical  substance  is  not  as  readily  dissolved  by 
hydrochloric  acid  as  the  adventitious  compounds  of  arsenious 
acid. 

Uses. — It  is  employed  in  the  arts  for  making  pigments  ;  in  agri- 
culture, for  preparing  wheat  seed  to  hinder  smut,  for  which  pur- 
pose it  is  very  inferior  to  a  solution  of  sulphate  of  copper  or  blue 
vitriol.  It  is  also  used  to  kill  rats,  vermin  and  human  beings.  In 
medicine  it  is  employed  externally  as  a  caustic  to  malignant 
growths,  especially  onychia  maligna,  but  it  is  often  absorbed  into 
the  system,  and  produces  dangerous  symptoms,  and  even  death. 
The  danger  appears  to  be  greater  when  a  small  amount  is  used 
than  a  quantity  sufficiently  large  to  destroy  the  ulcerated  surface. 
But  the  practice  is  always  dangerous.  Dilute  solutions,  especially 
of  arsenite  of  potash,  are  used  in  some  obstinate  chronic  diseases 
of  the  skin,  as  lepra,  psoriasis,  impetigo.  Internally  the  arsenite 
of  potash  (Fowler's  solution,  or  Liquor  Potassse  arsenilis),  is  pre- 
ferred ;  it  is  an  admirable  medicine  in  some  forms  of  protracted 
intermittent,  where  quinine  fails;  it  is  also  useful  in  chronic 
nervous  diseases  and  cutaneous  affections.     It  is  readily  absorbed 
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when  introduced  into  the  stomach  in  solution,  and  fatal  effects  may 
arise  from  a  small  quantity  in  this  state.  This  medicine  is  ex- 
tremely dangerous  for  two  reasons:  that  it  sometimes  appears  to 
produce  no  effects  for  a  long  time,  and  then  suddenly  acts  with 
great  violence,  and  secondly,  because  it  produces  chronic  poison- 
ing in  the  smallest  doses,  if  long  continued.  It  is  never  to  be  em- 
ployed after  headache,  swelling  of  the  eyelids,  or  other  parts  of 
the  body,  impaired  digestion,  and  a  sense  of  feebleness,  are  expe- 
rienced. 

Poisoning. — So  little  as  four  and  a  half  grains  of  arsenious 
acid  have  produced  death,  but  a  fatal  dose  is  probably  ten  grains, 
and  several  drachms  have  failed  to  do  any  harm,  when  received 
on  a  full  stomach,  and  soon  voided  by  emesis.  Poisoning  may 
occur  from  the  external  application  of  the  acid  or  its  soluble  com- 
pounds. The  symptoms  produced  in  cases  of  acute  poisoning, 
are,  violent  burning  at  the  pit  of  the  stomach,  vomiting,  thirst, 
bloody  stools,  irregular  action  of  the  heart,  great  prostration, 
clammy  sweats,  trembling  of  the  limbs,  cramps,  sometimes  deli- 
rium and  death.  But  there  may  be  little  gastro-enteritis,  the  pa- 
tient dying  as  though  narcotized,  or  in  convulsions  and  tetanized. 
Death  occurs  more  rapidly  in  the  latter  cases,  and  it  may  lake 
place  in  a  few  hours,  or  not  until  three  or  more  days. 

Antidotes. — Dependence  cannot  be  placed  on  the  antidotes  for 
arsenious  acid.  The  exhibition  of  the  whites  of  eggs  with  farina- 
ceous matters,  or  large  quantities  of  olive  oil,  the  production  of 
vomiting,  and  use  of  the  stomach  pump,  are  the  best  methods  of 
treatment  in  cases  of  poisoning.  The  principal  difficulty  in  these 
cases  arises  from  the  arsenious  acid  becoming  hidden  in  the  folds 
of  the  stomach,  and  enveloped  by  mucus ;  hence  large  quantities 
of  warm  water,  containing  the  white  of  egg,  are  to  be  repeatedly 
thrown  into  the  stomach,  and  rapidly  pumped  up,  for  the  worst 
effects  of  the  poison  arise  from  its  absorption. 

But  whilst  these  are  the  essential  means,  it  would  be  culpable, 
in  the  present  day,  to  omit  the  use  of  the  fashionable  antidotes. 
These  are  lime  water  and  the  hydrated  peroxide  of  iron.  The 
first  is  not  of  much  utility,  from  the  slow  action  of  the  arsenious 
acid  on  it,  and  the  same  objection  has  been  found  against  the 
second.  The  hydrated  peroxide  ought,  however,  to  be  used;  it 
is  made  by  adding  solution  of  ammonia  to  the  peracetate,  perni- 
trate,  or  any  persalt  of  iron  ;  the  oxide  at  once  falls  as  a  red 
magma,  and  is  to  be  thrown  on  a  cotton  filter,  and  washed  once 
or  twice  with  water.  It  should  be  fresh,  or  kept  well-stopped,  for 
the  dry  peroxide  is  useless.  As  we  do  not  know  how  much 
poison  has  been  taken,  the  necessary  dose  cannot  be  prescribed  ;  but 
it  is  a  perfectly  innocent  substance.  Hence,  give  a  tablespoonful, 
suspended  in  water,  every  three  or  four  minutes,  until  the  urgent 
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symptoms  are  relieved.  To  a  child,  a  teaspoonful  may  be  given 
with  equal  frequency.  But  do  not  throw  aside  the  stomach 
pump  to  administer  this  antidote;  rather  employ  it  after  the  free 
use  of  that  instrument. 

The  hydrated  peroxide  acts  chemically  on  the  poison,  neutral- 
izing it,  and  forming  an  arsenite  of  iron.  But  it  has  been  clearly 
proved,  that  it  attacks  only  the  arsenious  acid  in  solution,  and  has 
no  effect  on  the  solid  particles  which  lie  on  the  mucous  mem- 
brane. It  is,  therefore,  little  efficacious,  because  arsenious  acid 
is  but  sparingly  soluble,  and,  in  most  cases,  large  amounts  are 
introduced  into  the  stomach  for  the  purpose  of  poisoning. 

Salts. — The  arsenite  of  potash  forms  the  basis  of  Fowler's  so- 
lution, and  the  arsenite  of  soda  of  Pearson's  solution ;  they  are 
similar  in  properties.  The  arsenite  of  copper  is  the  fine  pigment 
called  Scheele's  green.  An  arsenite  of  quininehas  been  recently 
introduced  into  medicine  as  an  antiperiodic  in  protracted  inter- 
mittents.  It  appears  to  possess  the  action  of  both  ingredients, 
and  may  be  a  useful  medicine,  but  in  no  wise  better  than  an  ex- 
temporaneous combination  of  arsenious  acid  and  sulphate  of 
quinine. 

Arsenic  Acid.  As05? — This  is  obtained  by  boiligg  a  solution 
of  arsenious  acid  with  nitric  acid.  It  is  a  powerful  acid,  isomor- 
phous  with  the  tribasic  phosphoric  acid,  highly  poisonous,  and 
somewhat  soluble.  It  is  distinguished  in  the  free  state,  or  in  its 
soluble  salts  by  throwing  down  a  brick-red  precipitate  with  nitrate. 
of  silver.     It  is  not  at  present  employed. 

Arseniuretted  Hydrogen.  H3As  ? — This  is  a  violently  poison- 
ous gas  ;  it  may  be  prepared  by  putting  pieces  of  zinc  in  a  solu- 
tion of  arsenious  acid,  and  then  adding  sulphuric  acid.  The 
hydrogen  formed,  reduces  the  arsenious  acid  and  rises  as  arseni- 
uretted hydrogen,  more  or  less  mixed  with  hydrogen. 

Characters. — It  is  transparent,  has  the  odor  of  garlic,  sp.  gr. 
2.695,  and  is  sparingly  soluble  in  water. 

Properties. — It  burns  with  a  pale  blue  flame  in  the  air,  be- 
coming resolved  into  water  and  arsenious  acid,  when  the  combus- 
tion is  free;  but  if  this  be  conducted  in  a  limited  supply  of  air, 
water  and  elementary  arsenic  are  produced.  It  is  decomposed  by 
being  passed  through  a  red  hot  tube  into  elementary  arsenic  and 
free  hydrogen. 

It  is  very  poisonous,  when  inhaled  even  in  small  quantity,  pro- 
ducing headache,  nervous  symptoms,  a  febrile  state  with  oedema- 
tous  swellings  of  the  eyelids,  face  and  other  parts  of  the  body. 
But  as  it  is  not  used,  poisoning  never  occurs  by  it  except  to  the 
experimental  chemist.  This  gas  is  generated  in  Marsh's  test  for 
arsenic,  and  it  will  be  necessary  to  adopt  precautions  to  escape 
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poisoning  where  the  amount  of  arsenious  acid  is  large,  by  con- 
ducting the  process  in  the  open  air  or  under  a  flue. 

The  Sulphurets  of  Arsenic. — Realgar  (AsS2)  occurs  native, 
and  is  readily  made  by  heating  its  components ;  it  is  a  red  vitreous 
and  insoluble  body.  It  is  employed  in  pyrotechny,  and  is  in  its 
commercial  form  a  powerful  poison.  It  is  detected  by  the  reduc- 
tion test.  The  treatment  is  similar  to  that  for  the  arsenious  acid 
except  that  the  antidotes  may  be  dispensed  with.  Orpiment,  or 
sulph-arsenious  acid,  AsS3,  is  a  fine  yellow  insoluble  solid.  It 
occurs  native  and  is  used  as  a  pigment,  and  called  King's  Yel- 
low. The  commercial  body  contains  arsenious  acid,  and  is  a 
poison.  It  is  detected  by  the  reduction  test.  In  cases  of  poisoning 
the  treatment  is  that  for  arsenious  acid.  It  is  employed  in  certain 
nostrums  as  a  depilatory,  as  a  paint  and  by  pyrotechnists. 

Two  other  sulphurets  of  the  constitution,  AsS5  and  AsS9,  are 
known,  but  not  employed.  Realgar,  orpiment  and  the  penta- 
sulphuret  (sulph-arsenic  acid)  AsS3,  are  sulphur  acids,  and  com- 
bine with  bases  like  the  so  called  oxygen  acids. 

Other  Binary  Compounds  of  Arsenic. — The  terchloride,  As 
Cl3,  is  a  very  instable,  oily  and  dense  liquid,  intensely  poisonous. 
The  iodide,  Asl3,  is  a  red  volatile  and  soluble  crystalline  body. 
It  has  been  recommended  as  an  external  application  in  a  diluted 
ointment  (grs.  iij  to  ^i  of  lard)  in  tubercular  skin  diseases,  but  it 
does  not  appear  to  be  superior  to  arsenious  acid. 

Mr.  Donovan  strongly  recommends  the  compound  iodide  of  ar- 
senic and  mercury.  It  is  made  by  rubbing  G.08  grains  of  metallic 
arsenic,  15.38  grains  of  mercury,  50  grains  of  iodine,  with  f^i  of 
alcohol,  until  the  mass  is  dry  and  of  a  pale  red  color.  This  is  then 
dissolved  in  half  a  pint  of  water,  and  boiled  with  half  an  ounce  of 
hydriodic  acid  for  a  few  minutes.  It  is  used  in  solution.  The 
dose  is  j\&  to  T'gth  of  a  grain  three  times  daily,  and  it  is  recom- 
mended in  cutaneous  affections,  fungoid  and  other  diseased 
growths. 


ANTIMONY. 

Symbol  (Slibium)  Sb.     Equiv.  129.2. 

Antimony  is  abundant  as  a  sulphuret,  which  is  readily  reduced 
by  heat  and  a  flux  containing  carbon  and  potash  or  soda. 

Characters. — It  is  a  bluish  white  brittle  body,  lamellated  or 
in  rhombohedral  crystals,  and  having  considerable  metallic  bril- 
liancy. Its  sp.  gr.  is  6.7  to  6.8;  it  fuses  at  797°,  and  is  volatile 
at  a  white  heat. 

Properties. — It  is  a  conductor  of  heat,  and  burns  at  a  red 
heat  when  exposed  to  the  air  into  an  oxide.  It  is  more  electro- 
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negative  in  its  relations  to  other  bodies  than  the  metals,  and  strik- 
ingly isomorphous  with  arsenic.  It  is  employed  in  alloying  some 
metals,  and  the  compounds  may  be  termed  antimoniurets. 

Compounds. — The  most  important  compound  is  the  teroxide 
SbO  ,  which  is  the  basis  of  tartar  emetic.  The  binary  compounds 
are  as  follows : 

Teroxide  of  antimony  (sesquioxide")  ...  Sb03 

Antimonious  acid  ......  Sb04 

Antimonic  acid  ......  SbO. 

Terchloride  of  antimony        .....  SbCl3 

Perchloride  of  antimony         .....  SbCl5 

Tersulphuret  of  antimony  ....  SbS3 

Persulphuret  of  antimony  (golden  sulphuret)  -  SbS5 

Antimoniuretted  hydrogen  ....  H3Sb 

Teroxide  of  Antimony — Sesquioxide — Oxide  of  Jlntimony. 
Sb03;  eq.  153.2. — It  may  be  obtained  by  pouring  the  solution  of 
antimony  in  hydrochloric  acid  (Chloride  of  Jlntimony)  into  water, 
and   digesting  the  precipitate  with  solution  of  carbonate  of  soda. 

Characters. — It  is  a  whitish  solid,  having  the  same  dimorphous 
crystalline  forms  as  arsenious  acid.  The  precipitated  oxide  is 
anhydrous,  and  fuses  into  a  yellow  liquid  which  concretes  into 
a  crystalline  mass  on  cooling.  It  fuses  before  the  blowpipe,  and 
is  volatile. 

Properties. — It  is  scarcely  a  base,  although  it  is  found  in  tartar 
emetic  and  some  few  double  salts.  It  is  an  active  poison,  depress- 
ing the  powers  of  life,  and  is  the  active  ingredient  in  the  common 
antimonial  preparations.  It  is  used  in  the  preparation  of  tartar 
emetic. 

Tests. — It  is  dissolved  by  a  solution  of  cream  of  tartar,  which 
is  converted  into  the  tartrate  of  potash  and  antimony,  or  tartar 
emetic.  Its  fusibility  into  a  yellow  fluid  seems  to  distinguish  it 
from  arsenious  acid,  which  it  resembles  in  most  respects.  The 
soluble  forms  of  antimony  are  precipitated  of  an  orange  color  by 
a  stream  of  sulphuretted  hydrogen,  which  does  not,  however, 
yield  a  metalline  crust,  as  in  the  case  of  arsenic,  by  reduction, 
for  antimony  is  not  volatile  short  of  a  white  heat. 

Compounds. — It  is  found  in  uncertain  quantities  in  the  pulvis 
antimonialis  and  James'  powder,  the  properties  of  these  medi- 
cines depending  upon  its  presence.  The  oxysulphuret,  or  Kermes 
mineral,  is  a  compound  of  tersulphuret  with  teroxide  2(SbS,) 
4-Sb03.  This  is  used  as  an  alterative  in  doses  of  gr.  i  to  gr.  iij. 
But  the  principal  compound  is  tartar  emetic,  or  the  tartrate  of 
potash  and  antimony. 

Tartar  emetic  is  white,  transparent,  and  crystallizes  in  rhombic 
octahedrons.  It  effloresces  in  the  air.  The  taste  is  styptic  and 
metallic,  and  it  dissolves  in  about   14  parts  of  water  at  60°  F., 
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and  in  about  2  parts  at  a  boiling  heat.  The  solution  slightly  red- 
dens litmus  paper  and  undergoes  spontaneous  decomposition  by 
keeping. 

It  is  tested  by  the  action  of  heat,  which  chars  it,  and  by 
passing  a  stream  of  sulphuretted  hydrogen  through  the  solution 
when  the  orange  red  precipitate  of  tersulphuret  is  produced, 
which  does  not  act  like  the  sulphuret  of  arsenic  in  the  reducing 
tube. 

Tartar  emetic  is  a  diaphoretic,  expectorant  and  nauseant  in 
small  doses  (gr.  TV  to  gr.  j),  emetic  and  purgative  in  the  dose  of 
gr.  i,  and  in  doses  of  gr.  ii  to  gr.  iv,  often  repeated,  a  powerful 
arterial  sedative.  In  pneumonitis,  it  is  a  valuable  medicine 
administered  in  doses  beginning  with  gr.  ss,  and  increasing  it  to 
gr.  ij  every  two  hours  until  sleep  or  considerable  amelioration  of 
the  symptoms  occurs.  It  produces  great  debility,  relaxes  the 
muscular  fibres  of  the  body,  depresses  the  vital  actions,  and  reduces 
the  arterial  capillary  circulation. 

It  seldom  acts  as  a  poison,  and  is  not  used  with  that  intention, 
but  in  cases  of  accident,  vomiting  should  be  encouraged,  and 
tannic  acid  or  astringent  solutions  administered.  A  strong  oint- 
ment (3ii  to  31  of  lard)  is  a  powerful  vesicant,  and  diluted  is  sti- 
mulant. The  medicine  is  absorbed  into  the  system  to  a  limited 
extent,  and  its  antimony  has  been  discovered  in  the  viscera  by 
Orfila,  Barre  and  others.  It  is  a  dangerous  medicine  for  young 
children,  as  it  prostrates  them  too  much. 

Antimonious  Acid.  Sb04. — A  grayish-white  powder,  infusi- 
ble, not  volatile,  insoluble.  It  combines  with  the  alkalies,  but 
the  antimonites  are  readily  decomposed.  It  is  the  final  result  of 
the  action  of  heat  and  air  on  elementary  antimony. 

Antimonic  Acid.  Sb03. — Procured  by  the  action  of  strong 
nitric  acid  on  antimony.  It  is  insoluble;  exposed  to  heat  it  ac- 
quires a  yellow  color,  and  it  combines  with  the  alkalies.  It  is  de- 
composed by  a  red  heat  into  antimonious  acid  and  oxygen. 

Terchloride  of  Antimony.  SbCl3. — A  soft  butyraceous  solid, 
procured  by  the  distillation  of  bichloride  of  mercury  and  sulphuret 
of  antimony ;  it  is  deliquescent,  and  a  solution  in  hydrochloric 
acid,  dropped  into  water,  produces  a  bulky  precipitate,  called  the 
powder  of  algaroth  or  oxychloride  of  antimony  (SbCl3-f3Sb03)  -f 
3Aq.  The  butter  of  antimony  is  caustic,  and  the  oxychloride 
emetic,  but  neither  is  much  used  except  in  the  manufacture  of 
the  teroxide  of  antimony  and  tartar  emetic. 

Perchloride  of  Antimony.  SbCl5. — It  is  made  by  passing  a 
current  of  chlorine  over  hot  antimony,  and  is  a  heavy  fuming 
liquid,  of  a  bad  odor,  and  readily  decomposed. 

The  Sulphurets.— The  tersulphuret,  SbS3,  is  an  abundant 
mineral  of  a  brittle  texture,  and  striated  dark  gray  metallic  appear- 
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ance.  When  hydrated,  it  has  an  orange  color,  and  is  formed  when 
a  stream  of  sulphuretted  hydrogen  is  passed  through  a  solution 
of  tartar  emetic.  By  heating  this  body  in  a  shallow  iron  vessel, 
and  stirring  until  fumes  are  no  longer  given  off,  a  gray  powder  is 
obtained  which  may  be  fused  by  a  red  heat,  in  a  closed  vessel,  into 
a  brown-red  glass  called  the  vitrum  antimonii.  This  is  a  mixture 
of  sulphurets  and  oxides.  When  the  free  oxide  is  dissolved  by 
acids,  there  remains  an  oxysulphuret,  Sb03+2(SbS3),  called  the 
crocus,  or  saffron  of  antimony. 

By  boiling  caustic  potash  on  powdered  tersulphuret  of  antimony, 
a  solution  is  obtained  that  precipitates,  as  it  cools,  an  orange  red 
substance  called  Kermes  mineral.  This  is  a  mixture  of  teroxide 
of  antimony  and  sulphuret.  If  the  hot  solution  be  treated  with 
an  acid  before  its  spontaneous  decomposition,  a  brownish  oxysul- 
phuret is  thrown  down  called  the  orange  sulphuret  (Hepar  an- 
timonii) or  precipitated  sulphuret  of  antimony.  It  is  a  good 
medicine,  and  employed  as  an  alterative  in  the  compound  calomel, 
or  Plummer's  pill.  The  golden  sulphuret  (SbS.),  per sulphuret 
or  sulph-antimonic  acid,  is  obtained  after  the  spontaneous  pre- 
cipitation of  the  kermes,  by  adding  an  acid  to  the  antimonial  solu- 
tion in  potash.  It  is  of  a  lighter  color  than  the  other  two  bodies. 
There  is  also  a  sulph-antimonious  acid  (SbSJ. 

Antimoniuretted  Hydrogen. — This  gaseous  body  is  procured 
by  adding  zinc  and  sulphuric  acid  to  a  solution  of  tartar  emetic. 
Its  formula  is  generally  supposed  to  be  H3Sb.  It  burns  with  a 
white  flame,  throwing  off  a  white  smoke  of  oxide  of  antimony  and 
water.  It  is  reduced  by  passing  through  a  red  hot  tube,  deposit- 
ing a  metalline  crust,  at  the  heated  point,  which  may  be  readily 
distinguished  from  arsenic  by  its  want  of  volatility  at  a  low  red 
heat.  If  a  white  piece  of  plate  be  held  low  down  in  the  flame  of 
this  gas,  a  black  crust  with  a  white  border  like  that  obtained  under 
the  same  circumstances  from  the  flame  of  arseniuretted  hydrogen, 
is  obtained,  but  they  differ  in  the  stability  of  the  antimonial  crust. 


CARBON. 

Symbol,  C.     Equivalent,  6.0. 

Carbon  is  the  great  organic  element,  no  substance  produced  by 
the  action  of  plants  being  without  this  body.  It  exists  in  nature 
as  the  diamond,  anthracite  and  plumbago;  and  in  a  compound 
state  in  all  animal  and  vegetable  substances.  It  is  obtained  in  an 
impure  state  as  charcoal  and  lampblack,  by  burning  vegetable 
bodies  in  the  absence  of  air. 

Characters. — Carbon  has  three  allotropic  states.    1.  In  the  dia> 
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mond  it  is  translucent,  crystallizes  in  octahedrons,  variously- 
modified  and  with  curved  facets.  Its  sp.  gr.  is  about  3.5,  and  it 
is  the  hardest  mineral  known.  It  appears  from  the  researches  of 
Dumas,  that  it  has  an  organic  structure,  and  is  of  vegetable  ori- 
gin. It  is  incombustible  except  in  oxygen,  and  infusible.  2.  Plum- 
bago is  unctuous  to  the  touch,  has  a  metallic  lustre,  is  opaque,  and 
almost  incombustible.  3.  Anthracite  and  lampblack  are  opaque, 
black,  and  readily  combustible. 

Properties. — The  common  or  y  carbon  is  readily  combustible, 
becoming  converted  in  a  full  stream  of  oxygen  into  carbonic  acid 
(C02),  and  in  a  limited  supply  into  carbonic  oxide  (CO).  It  is  a 
good  radiator  of  heat,  but  a  poor  conductor  of  heat  or  electricity. 
The  diamond  possesses  a  high  refractive  and  dispersive  power  for 
light.  Charcoal  being  porous,  possesses  the  property  of  absorbing 
gases  and  also  of  condensing  many  times  its  volume  of  several, 
especially  ammoniacal  and  sulphuretted  hydrogen  gases;  this 
endows  it  with  disinfecting  powers, and  makes  the  powder  useful 
in  agriculture  for  the  purpose  of  hindering  the  escape  of  many 
vaporous  bodies  from  the  soil.  Ivory  black,  derived  from  bones 
burnt  in  iron  retorts,  also  possesses  the  power  of  decolorizing 
organic  solutions,  as  may  be  shown  by  filtering  a  solution  of  indigo 
through  it.  All  the  forms  of  carbon  are  infusible,  and  they  act  as 
electro-positive  bodies  in  most  cases,  resembling  in  this  respect 
the  metals,  but  there  are  a  few  compounds  of  a  different  character 
with  hydrogen,  &c,  called  carburets. 

Tests. The  test  for  carbon  is  its  convertibility  into  carbonic 

acid  by  the  action  of  heat  and  oxygen  gas. 

Uses. — The  above  varieties  are  used  in  various  ways.  The  dia- 
mond is  used  as  an  ornament  and  to  cut  glass.  Plumbago  is 
employed  in  the  manufacture  of  crucibles,  for  greasing  machinery, 
and  the  finer  sorts  constitute  the  black  lead  of  writing  pencils. 
Ivory  black  is  employed  to  decolorize  solutions,  and  pounded 
charcoal  to  remove  the  putrescent  odor  of  spoiled  provisions  or 
stagnant  waters.     Anthracite  charcoal,  &c,  as  fuel. 

Compounds.— -The  principal  binary  compounds  of  carbon  are: 

Carbonic  oxide       -  CO. 

Carbonic  acid  -  \j2i 

Light  carburetted  hydrogen    -  -  H2C. 

Olefiant  gas  ...  -  H4C4. 

Cyanogen  (bicarburet  of  nitrogen)  -  C2N. 

Bisulphuret  of  carbon     -         -  -  CS2. 

Carbonic  Oxide.  CO ;  eq.  14.0— This  gas  is  generated 
when  charcoal  is  burnt  in  a  limited  supply  of  air. 

Characters.— -It  is  colorless,  inodorous,  sparingly  soluble,  sp.  gr. 
0.972.     It  has  never  been  liquefied.  _ 

Properties.— This  gas   is   inflammable,  burning  with  a  pale 
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blue  flame  into  carbonic  acid,  C02.  It  is  highly  poisonous,  acting 
in  the  same  way  as  carbonic  acid.  It  is  by  some  considered  an 
electro-positive  compound  radical,  and  unites,  when  exposed  to 
light,  with  chlorine,  forming  a  pungent  acid  body,  called  chloro- 
carbonic  acid  or  phosgene  gas.  Carbonic  oxide  is  not  put  to 
any  use. 

Carbonic  Acid.  COa;  eq.  22.0. — This  important  gas  exists 
in  the  air  to  the  extent  of  4  to  6  parts  in  10.000  ;  it  is  found 
in  most  waters,  and  is  one  of  the  most  abundant  products  of 
the  decomposition  and  combustion  of  animal  and  vegetable  sub- 
stances. It  is  readily  obtained  by  adding  hydrochloric  acid  to 
pieces  of  marble,  which  is  a  carbonate  of  lime;  the  carbonic  acid 
rises  as  a  gas,  and  may  be  collected  by  displacement.  If  it  be 
wanted  dry,  the  following  apparatus  (Fig.  57)  will  be  necessary, 
in  which  the  long  central  tube  contains  fused  chloride  of  calcium, 
which  absorbs  any  moisture  which  passes  over. 

Fig.  57. 


Characters. — It  is  a  colorless  gas,  of  a  pungent  taste,  and  little 
odor.  Its  sp.  gr.  is  1.524;  100  cubic  inches  weighing  47.26 
grains.  Cold  water  dissolves  about  its  own  volume,  but  will  take 
up  large  quantities  under  pressure;  such  solutions  constitute  the 
soda  water  of  manufacturers.  Under  a  pressure  of  28  atmo- 
spheres, at  32°  F.,  it  may  be  liquefied,  and  forms  a  colorless  lim- 
pid fluid;  when  relieved  of  pressure,  it  immediately  boils,  and, 
from  the  cold  produced  by  its  rapid  evaporation,  about  gth  be- 
comes solid.  Solid  carbonic  acid  has  the  appearance  of  snow,  and 
by  its  evaporation,  produces  intense  cold.  Mixed  with  ether,  in 
vacuo,  it  depresses  the  thermometer  to  — 165°  F. 
•  ^r0Pe^es- — Carbonic  acid  possesses  acid  properties  ;  its  solu- 
tion reddens  litmus  paper,  and  it  unites  with  many  bases,  forming 
carbonates,  which  are,  however,  commonly  decomposed  by  most 
acids,  and  also  by  heat.     It  is  neither  inflammable,  nor  a  sup- 
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porter  of  combustion,  and  is  totally  irrespirable,  a  small  amount 
bringing  on  narcotism,  and  destroying  life  by  asphyxiating  the 
animal. 

Tests.— -Its  power  to  extinguish  a  flame,  redden  litmus,  and 
cause  a  white  precipitate  of  carbonate  of  lime,  when  passed  through 
clear  lime  water,  enables  us  to  distinguish  the  gas.  The  effer- 
vescence produced  by  a  weak  acid  on  its  compounds,  with  the 
above  tests  of  the  gas,  enables  us  to  discriminate  the  carbonates. 

Uses. — Carbonic  acid  dissolved  in  water  is  a  grateful  stimulus 
to  the  stomach,  especially  in  nausea.  The  gas  is  sometimes  em- 
ployed in  the  laboratory;  also  for  purposes  of  suicide,  especially 
amongst  the  French ;  and  was  formerly  recommended  as  a  proper 
medium  for  the  preservation  of  fruits,  &c.  Its  use  in  the  opera- 
tions of  nature  are  more  important,  as  it  is  the  chief  food  of  plants, 
which  derive  it  from  the  air  by  their  leaves;  and,  from  fertile 
soils,  in  solution  by  their  roots.  It  is  also  a  product  of  the 
changes  going  on  in  the  human  body,  and  is  present  to  the  extent 
of  four  per  cent,  in  expired  air. 

In  cases  of  asphyxia,  by  carbonic  acid  from  wells  (choke  damp), 
from  cesspools,  or  from  the  incautious  inhalation  of  the  vapor  of 
burning  coals,  the  patient  should  be  freely  exposed  to  the  air.  The 
jugular  veins  should  be  opened,  flannels  wrung  out  of  hot  water 
applied  to  the  body  and  extremities,  and  artificial  respiration  esta- 
blished. The  gas  introduced  into  the  lungs  should  contain  about 
one-eighth  of  protoxide  of  nitrogen  if  possible.  For  this  purpose, 
the  bellows  should  be  placed  in  contact  with  a  large  Indian  rubber 
bag,  containing  the  mixed  gases. 

Salts. — The  carbonates  of  potash,  of  soda,  magnesia,  lime,  prot- 
oxide of  iron,  lead,  (white  lead,)  zinc,  and  copper,  are  the  prin- 
cipal. 

Compounds  of  Carbon  with  Hydrogen. — Light  carburetted 
hydrogen,  CH2,  is  the  common  marsh  gas,  produced  by  the  decay 
of  vegetable  matter  under  water.  It  is  also  the  explosive  gas 
{fire  damp)  of  bituminous  coal  mines,  and  exists  in  the  common 
gas  used  for  lighting  cities.  It  is  colorless,  light,  so  that  it  is  em- 
ployed in  inflating  balloons,  and  combustible,  burning  with  a  yel- 
lowish flame. 

Olefiant  gas.  C4H4. — It  is  made  by  heating  one  part  of  alcohol 
with  four  of  sulphuric  acid,  and  separating  the  ether  and  oil  of  wine 
first  generated,  by  passing  the  products  first  through  a  bottle  con- 
taining solution  of  caustic  potash,  and  secondly,  through  sulphuric 
acid.  It  is  a  colorless  gas,  with  a  slight  unpleasant  odor,  sp.  gr. 
0.981,  is  very  inflammable,  and  forms  an  explosive  compound  with 
oxygen.  Its  combustion  is  very  bright,  and  it  forms  the  most  valua- 
ble constituent  of  common  gas,  and  nearly  the  whole  of  oil  gas. 

The  products  of  its  perfect  combustion  are  water  and  carbonic 


224  CYANOGEN. 

acid;  but,  in  a  common  flame,  it  is  only  at  the  outer  surface  that 
this  result  takes  place.  A  flame  may,  indeed,  be  divided  into  three 
parts,  a  central,  thin,  non-luminous  cone  of  unconsumed  gas  (A, 
Fig.  58) ;  around  this  is  a  shell  of  partially  burnt  gas,  and  then  the 
outer  surface.  The  middle  part  is  called  the  deoxy- 
Fig.  58.  dizing  flame,  B,  and  the  exterior  the  oxydizing 
flame,  C,  in  consequence  of  their  action  on  bodies 
placed  respectively  in  these  positions. 

Flame  cannot  pass  through  the  close  meshes  of 
LV...-B      fine  brass  or  copper  wire  ;  and  on  this  principle 
Davy's  safety  lamp  is  constructed. 
— -A  Mixed  with  chlorine,  it  forms  an  oily,  ethereal 

liquid,  of  sweetish  taste,  called  the  Dutch  liquid,  or 
chloride  of  hydrocarbon.  Burnt  in  an  atmosphere 
of  chlorine,  olefiant  gas  becomes  converted  into  hy- 
drochloric acid,  and  a  black  deposit  of  carbon  takes 
place  on  the  sides  of  the  vessel. 

Coal  gas  contains  the  two  preceding  gases,  with  numerous  impu- 
rities, especially  compounds  of  ammonia,  sulphur,  carbonic  acid, 
and  tarry  bodies.  Most  of  these  are  separated  by  condensation, 
and  by  passing  the  gas  through  a  mixture  of  lime  and  water. 

Cyanogen — Bicarburet  of  Nitrogen.  HC2Cy ;  eq.  26.0. — A 
gaseous  body  procured  by  heating  the  bicyanide  of  mercury. 

Characters. — A  colorless  gas,  of  an  odor  resembling  peach  blos- 
soms, readily  soluble  in  water,  sp.  gr.  1.806.  It  is  converted  into 
a  liquid  by  a  pressure  of  3.6  atmospheres. 

Properties. — It  is  irrespirable  and  inflammable,  burning  with  a 
beautiful  pink  flame.  A  solution  in  water  rapidly  decomposes, 
yielding  ammonia,  hydrocyanic  acid,  a  brown  inert  solid  called 
paracyanogen,  isomeric  with  cyanogen,  and  other  bodies.  This 
substance  very  closely  resembles  chlorine  in  its  action,  and  is 
hence  termed  an  electro-negative  compound  radical.  Its  symbol 
is  Cy.     Its  compounds  with  the  metals  are  termed  cyanides. 

Compounds. — With  hydrogen  it  forms  the  cyanide  of  hydrogen, 
HCy,  hydrocyanic  or  prussicacid.  With  oxygen  it  forms  cyanic, 
fulminic,  and  cyanuric  acids,  which  are  isomeric.  It  also  unites 
with  iron,  forming  ferrocyanogen,  FeCy3,  and  ferridcyanogen, 
Fe4Cy6,  and  with  sulphur  forming  another  compound  radical, 
S2Cy,  termed  sulphocyanogen.  Other  compounds  with  cobalt, 
chlorine,  &c,  exist,  which  are  of  little  interest.  Of  the  cyanides 
of  metals,  the  cyanide  of  potassium,  KCy,  is  much  employed  to 
form  the  insoluble  cyanides,  in  medicine,  and  in  electro-galvanic 
plating  and  gilding.  The  cyanides  of  mercury,  and  of  gold,  have 
been  partially  introduced  into  medicine,  but  do  not  merit  particular 
notice,  being  uncertain  in  their  effects,  and  inferior  to  the  corrosive 
sublimate  for  which  they  were  introduced.    The  soluble  cyanides 
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of  potassium,  sodium,  and  ammonium,  are  poisonous  like  prussic 
acid.  The  cyanide  of  silver  is  used  to  procure  medicinal  prussic 
acid.  Cyanide  of  zinc,  in  doses  of  quarter  of  a  grain  to  one  grain, 
is  said  to  act  like  medicinal  prussic  acid,  and  has  been  used  as  a 
substitute  in  the  same  diseases. 

Hydrocyanic  Acid — Cyanide  of  Hydrogen — Prussic  Acid. 
HCy;  eq.  27.0. — This  liquid  is  procured  in  the  pure  anhydrous 
state  ;  by  passing  a  stream  of  sulphuretted  hydrogen  over  cyanide 
of  mercury  heated  to  redness,  the  sulphur  of  the  gas  unites  with 
the  metal,  forming  sulphuret  of  mercury,  and  the  cyanogen  and. 
hydrogen  combining,  produce  HCy,  or  hydrocyanic  acid,  which 
must  be  collected  in  a  vessel  refrigerated  by  ice;  the  reaction  is 
represented  in  the  formula 

HgCy  and  HS=HgS  and  HCy. 

Characters. — This  is  a  limpid  fluid  of  great  volatility,  so  that  a 
drop  exposed  to  the  air,  is  partly  solidified  by  the  cold  produced 
by  the  evaporation  of  a  portion.  It  has  a  strong  odor  of  peach 
blossoms,  and  is  readily  dissolved  by  water  or  alcohol.  Its 
sp.  gr.  at  45°  F.,  is  0.705,  and  it  boils  at  79°  F.  At  zero,  or  — 5° 
it  is  a  crystalline  solid. 

Properties. — Cyanide  of  hydrogen  has  the  same  general  pro- 
perties, but  in  a  feeble  degree  as  hydrochloric  acid.  Its  hydrogen 
is  readily  replaced  by  metals,  and  most  of  the  cyanides  can  be 
formed  by  bringing  to  it  a  metallic  oxide.  It  is  indeed  spontane- 
ously decomposed,  especially  by  the  action  of  light,  becoming 
resolved  into  an  inert  black  substance  called  azulmic  acid,  and 
ammonia.  It  is  a  very  feeble  acid,  scarcely  reddening  litmus,  is 
not  sour,  nor  able  to  decompose  the  carbonates.  The  vapor  burns 
with  a  bluish  flame.  It  is  an  intense  poison,  one  drop  having 
killed  a  dog  in  a  few  seconds  of  time. 

Tests. — Cyanide  of  hydrogen,  and  the  soluble  cyanides,  are 
precipitated  of  a  white  color,  by  solution  of  nitrate  of  silver.  The 
precipitate  does  not  dissolve  in  ammonia  or  cold  nitric  acid,  but 
does  so  in  the  boiling  acid.  They  are  also  known  by  adding  a  solu- 
tion of  potash,  then  a  solution  of  old  sulphate  of  iron,  which  con- 
tains both  the  protoxide  and  peroxide  of  the  metal;  by  this  means 
a  greenish  blue  precipitate  is  formed  which  becomes  of  a  rich 
blue  (Prussian  blue),  by  the  addition  of  a  little  hydrochloric  acid. 
The  above  procedure,  without  the  final  addition  of  acid,  constitutes 
Messrs.  Smith's  antidote  for  this  poison.  It  also  serves  as  a 
means  of  recognizing  the  poison  procured  from  the  stomach,  or 
matters  vomited,  of  those  who  have  died  under  its  effects. 

In  Poisoning. — The  smell  will  be  a  principal  test,  but  this 
may  arise  from  oil  of  bitter  almonds,  cherry  laurel  water,  and 
other  substances  which  do,  however,  gradually  evolve  hydrocyanic 
acid  under  certain  circumstances.      The  matters  yielding  this 
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odor  are  to  be  cut  up,  if  solid,  and  transferred  to  a  glass  retort, 
with  water  and  sulphuric  acid,  and  submitted  to  distillation  over 
a  water  bath.  The  product  is  to  be  received  in  a  refrigerator 
surrounded  by  ice,  and  if  it  contain  hydrocyanic  acid,  it  may  be 
recognized  by  the  odor  and  the  foregoing  tests. 

The  principal  difficulty  which  arises  in  its  detection  is  due 
to  the  minute  portion  which  may  produce  a  fatal  result,  and  its 
great  volatility,  which  causes  it  to  pass  off  from  the  body  in  a 
few  hours,  unless  very  dilute. 

Uses. — It  is  used  in  medicine,  being  a  very  valuable  remedy 
as  a  nervous  sedative,  and  to  allay  pulmonary  and  gastric  irritation 
of  nervous  origin,  as  in  certain  forms  of  gastralgia  and  asthma. 
But  for  this  purpose  the  foregoing  anhydrous  acid  is  not  employed, 
nor  kept,  it  being  too  prone  to  decomposition.  A  formula  is  given 
in  the  Pharmacopoeias  for  a  dilute  acid  which  keeps  much  better; 
it  is  as  follows: — Take  51  grains  of  cyanide  of  silver;  41  grains 
of  strong  hydrochloric  acid,  and  a  fiuidounce  of  water.  Add  the 
salt  to  the  dilute  acid, shake  and  put  aside  in  a  dark  place.  This 
should  be  recent,  and  the  dose  is  from  one  to  ten  drops,  to  be  dis- 
continued when  headache  or  dimness  of  vision  is  produced;  one 
drachm  may  be  a  poisonous  dose.  It  acts  both  locally  and  by 
absorption;  in  the  former  case,  it  produces  numbness,  or  destroys 
the  sensibility  of  the  nerves,  and  occasionally  it  produces  vomiting 
and  purging ;  but  its  chief  action  is,  when  absorbed,  on  the  nervous 
centres,  and  especially  the  respiratory  nerves. 

In  poisoning,  convulsions,  epilepsy,  spasmodic  breathing,  di- 
lated pupils,  diminished  pulse,  sometimes  almost  reduced  to 
nothing,  occur  when  the  dose  is  scarcely  sufficient  to  produce 
death.  Recovery  occurs  in  such  cases  in  half  an  hour,  but  it  may 
be  longer.  The  treatment  is  twofold,  the  nervous  system  is  to 
be  aroused  by  dashes  of  cold  water  over  the  chest,  head  and  spine, 
and  ammonia  or  its  preparations  given  as  nervous  stimulants. 
Artificial  respiration  is  also  to  be  employed,  and  it  is  better  to 
introduce  a  little  chlorine  into  the  air. 

In  addition  to  these,  Messrs.  Smith's  antidote  is  to  be  given 
as  soon  as  possible,  as  follows : — first  administer  solution  of  car- 
bonate of  potash,  and  follow  it  with  a  dilute  solution  of  old  sulphate 
of  iron  (containing  the  protoxide  and  peroxide) ;  this  destroys  the 
hydrocyanic  acid,  and  produces  inert  Prussian  blue.  Chlorine 
should  be  diffused  in  the  air  of  the  room,  which  is  readily  done 
by  pouring  some  vinegar  or  other  acid  on  common  bleaching  salt, — 
the  chloride  of  lime  or  soda. 

But  unfortunately  death  is  often  produced  in  an  almost  imper- 
ceptible period  of  time ;  the  unfortunate  person  falling  as  if  in- 
stantaneously deprived  of  life,  without  struggle  or  convulsion, 
except,  perhaps,  a  few  gasping  efforts  of  inspiration.     The  vapor 
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of  hydrocyanic  acid  produces  this  result  in  minute  quantities 
when  inspired.  In  these  cases,  the  establishment  of  artificial 
respiration  with  chlorinated  air,  constitutes  the  only  chance  of 
recovery. 

The  blood  is  often  found  dark,  fluid,  and  having  an  oily  appear- 
ance, and  the  muscles  are  occasionally  insensible  to  the  stimu- 
lus of  electricity.  There  may  also  be  engorgement  of  the  lungs, 
brain  and  spinal  marrow,  with  venous  blood,  but  the  arteries  are 
empty. 

Cyanogen  with  Oxygen. — Cyanogen  produces  three  isomeric 
compounds  with  oxygen:  Cyanic  acid,  CyO;  Fulminic  acid,  Cy202; 
and  Cyanuric  acid,  Cy303 — of  which  the  second  has  not  been  in- 
sulated, and  the  other  two  are  only  known  in  the  hydrated  state. 

Cyanic  acid  (CyO+HO)  is  obtained  by  distilling  dry  cyanuric 
acid;  it  is  a  colorless  acid  liquid,  like  acetic  acid,  blistering  the 
skin.  It  is  very  instable,  being  converted  by  water  into  bicar- 
bonate of  ammonia 

C2NO,HO+2HO=2(C02)+NH3. 
But  it  also  spontaneously  changes  into  an  inert,  white  opaque 
solid,  which  is  insoluble,  but  convertible  by  hot  sulphuric  acid 
into  carbonate  of  ammonia,  offering  an  extraordinary  illustration 
of  isomerism  depending  upon  grouping,  for  the  number  of  the 
atoms  in  this  body  are  the  same  as  in  the  acid. 

Cyanic  acid  is  peculiarly  interesting,  from  its  being  one  of  the 
products  of  the  changes  taking  place  on  animal  food  in  the  body. 
It  exists  in  the  urine  in  combination  with  ammonia,  another  sub- 
stance produced  by  the  same  changes,  these  forming  Urea, 
which  is  a  hydrated  cyanate  of  ammonia  ;  its  formula  is  C2B4N202, 
or  CyO+NH3+HO.  This  body  may  also  be  obtained  by  arti- 
ficial means,  by  the  action  of  peroxide  of  manganese  on  ferro- 
cyanide  of  potassium  with  heat,  and  the  subsequent  addition  of  sul- 
phate of  ammonia,  &c.  This  salt  is  remarkably  soluble,  of  a  saline 
taste,  and  readily  crystallizable  into  four-sided  prisms. 

Fulminic  Acid  exists  in  the  fulminating  powders  of  mercury, 
silver  and  other  bodies.  It  has  not  been  isolated,  but  is  bibasic, 
and  its  compounds  are  remarkably  instable. 

Cyanuric  Acid  (Cy303+3HO)  is  obtained  by  heating  urea 
(cyanate  of  ammonia)  which  disengages  ammonia;  the  residue  is 
dissolved  in  hot  sulphuric  acid,  and  nitric  acid  added  until  the 
solution  becomes  colorless.  On  mixing  with  this  product  water, 
and  cooling,  crystals  of  the  above  acid  fall.  It  is  tribasic,  little 
soluble,  and  distilled  at  a  red  heat  yields  hydrated  cyanic  acid 
only,  being,  as  it  were,  split  into  three  atoms. 

Cyanogen  with  Iron. — The  two  compounds,  Ferrocyanogen 
or  Preussine  (FeCy3),  and  Ferridcyanogen  (Fe2Cy6),  have  not 
been   isolated.      They  act   precisely   like  electro-negative  com- 
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pound  radicals,  and  are  so  considered,  the  former  being  furnished 
with  the  symbol  Cfy  and  the  latter  with  Cfdy. 

The  crystalline  substance  called  yellow  prussiate  of  potash,  is 
much  used  in  the  laboratory  as  a  test,  and  also  partially  in  medi- 
cine as  a  mild,  nervous  and  arterial  sedative.  It  is  a  compound 
of  ferrocyanogen  with  potash,  its  formula  being  2K,Cfy+3HO, 
and  it  is  made  on  a  large  scale  for  the  manufacture  of  Prussian 
blue,  by  heating  to  redness  animal  matters  with  potash  and  iron 
in  iron  retorts,  washing  out  the  salt  and  crystallizing.  Prussian 
blue  is  obtained  by  adding  a  solution  of  this  body  to  a  solution  of 
a  peroxide  of  iron.  This  is  not  only  used  as  a  pigment,  but  as  a 
substitute  for  cinchona  in  intermittent  fevers,  in  doses  of  four  to 
six  grains,  and  in  some  neuralgias. 

The  red  prussiate  of  potash,  a  beautiful  salt,  contains  the 
ferridcyanogen ;  it  also  produces  a  variety  of  Prussian  blue  called 
TurnbulPs  blue,  and  is  used  as  a  test. 

Sulphocyanogen  (S2Cy  or  Csy)  has  not  been  isolated,  but  its 
potash  salt  is  made  by  heating  powdered  yellow  prussiate  of 
potash  with  half  its  weight  of  sulphur,  and  one  third  of  carbonate 
of  potash,  and  keeping  them  melted  for  a  short  time.  Boiling 
water  dissolves  the  sulphocyanide  of  potassium,  which  readily 
crystallizes.  A  solution  strikes  a  blood  red  color  with  the  per 
salts  of  iron,  and  is  employed  as  a  valuable  test.  This  substance, 
in  combination  with  ammonia  and  other  bases  exists,  in  the  bodies 
of  animals,  and  in  human  saliva. 

Carbon  with  Sulphur.— The  Bisidphuret  of  Carbon  (Ob2) 
is  made  by  adding  pieces  of  sulphur  to  charcoal  heated  to  red- 
ness in  a  porcelain  tube,  and  receiving  the  vapors  in  a  vessel 
containing  water  and  ice.  To  obtain  it  pure,  it  is  necessary  to 
re-distill  at  a  low  temperature.  It  is  a  colorless,  transparent, 
volatile  liquid,  possessed  of  great  refractive  and  dispersing  power, 
and  was  recommended  by  Brewster  for  the  purpose  of  filling  con- 
cave shells  of  glass  to  answer  as  lenses.  Its  specific  gr.  is  1.272, 
and  it  boils  at  108°  F.  It  volatilizes  with  so  much  rapidity  as  to 
produce  great  cold,  but  is  of  so  offensive  an  odor  that  it  can 
scarcely  be  employed.     It  dissolves  sulphur  and  phosphorus. 


BORON  AND  SILICON. 

Symbol,  B.    Eq.,  10.9.— Symbol,  Si.    Eq,  22.2. 

These  two  elements  are  closely  connected,  and  have  some  af- 
finity with  carbon,  but  they  are  of  little  interest  in  medicine. 
Boron,  from  its  strong  affinity  for  oxygen,  is  little  known;  it  is  a 
greenish-brown  powder,  which,  when  heated,  burns  in  the  air  into 
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Boracic  acid,  B03.  This  is  found  in  some  volcanic  waters,  and 
also  in  combination  with  soda,  forming  native  borax,  or  Biborate  of 
Soda. 

The  acid  may  be  obtained  from  borax  by  adding  sulphuric  acid 
to  a  hot  solution;  on  cooling,  it  falls  in  small  crystalline  scales.  It 
melts  at  a  red  heat  into  a  glass,  and  is  a  feeble  acid  at  ordinary 
temperatures,  but  in  a  strong  heat  it  is  one  of  the  most  powerful. 
It  was  formerly  thought  to  be  a  sedative,  but  is  not  now  employed. 

Borax  is  a  biborate  of  soda;  it  is  obtained  in  large  prisms  or  oc- 
tahedrons, by  purifying  the  native  salt.  It  is  saline  and  cooling  in 
taste,  effloresces  slightly  in  the  air,  and  melts  in  its  water  of  crys- 
tallization when  heated.  It  is  readily  soluble,  and  has  the  com- 
position NaO  +  B03  +  lOAq.  It  is  used  in  the  arts,  and  in  the 
blowpipe  analysis  of  the  mineralogist.  Its  medicinal  powers  are 
also  said  to  be  considerable,  for,  according  to  Vogt,  Dr.  Copland 
and  others,  it  throws  the  uterus  into  contractions,  and  may  act  as 
an  abortive.  It  is  also  refrigerant  and  diuretic,  and  a  large  dose 
produces  vomiting.  Locally  applied,  it  is  a  stimulant,  and  par- 
ticularly useful  as  a  detergent  to  aphthae  and  ulcerations  of  the 
mouth  and  fauces.  The  dose  internally  is  from  half  a  drachm  to 
a  drachm. 

Silicon  is  the  basis  of  sand,  rock  crystal,  and  silicious  matters 
generally.  It  is  procured  with  difficulty,  and  resembles  boron. 
Its  chief  compound  is  Silicic  acid,  Si03,  which  is  sand  or 
rock  crystal.  The  salts  of  this  body  are  nearly  all  insoluble, 
and  make  up  a  large  portion  of  the  earth's  crust,  especially  the 
silicate  of  alumina  which  forms  slate,  and  the  varieties  of  clay; 
and  the  silicates  of  iron,  lime,  potash,  &c.  But  by  heating  sand 
with  four  parts  of  carbonate  of  potash  or  soda,  soluble  silicates  are 
obtained,  from  which  the  hyd rated  acid  may  be  precipitated  as  a 
gelatinous  substance  by  any  acid.  These  salts  exist  in  silicious 
springs. 

Glass,  porcelain,  and  common  earthenware  are  silicates.  Com- 
mon table  and  flint  glass  contain  a  silicate  of  lead,  and  are  unfitted 
for  chemical  purposes,  from  the  lead  being  reduced  by  heat,  and 
forming  a  stain  like  that  of  arsenic.  Hard  glass  fitted  for  chemical 
vessels  contains  a  silicate  of  lime  and  potash;  it  is  very  infusible 
and  is  not  stained  bv  heat. 

Both  boron  and  silicon  combine  with  Fluorine,  forming  BF3 
(fluoride  of  boron)  and  SiF3  (fluoride  of  silicon),  which  are  gaseous. 
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PAKT   III. 

ORGANIC    CHEMISTRY. 

The  student  having  passed  over  the  principal  elements  which 
make  up  organic  bodies,  is  now  prepared  to  enter  upon  their 
study.  It  is  not  our  purpose,  in  this  part,  to  take  up  every  com- 
pound which  the  labors  of  its  numerous  cultivators  have  an- 
nounced  within  the  last  few  years,  but  only  such  as  are  useful  in 
elucidating  the  functions  of  animals  and  plants,  or  are  of  medicinal 
interest. 

Organic  bodies  are  of  two  classes,  either  the  immediate  products 
of  the  functions  of  vegetables,  as  starch,  sugar,  fibrine,  or  of  a 
subordinate  importance,  being  produced  by  chemical  changes 
impressed  upon  the  former;  the  second  class  may  be  termed 
pseudo-organic.  To  this  belong  the  acids,  ammonia,  cyanogen, 
the  vegetable  alkaloids,  fatty  bodies,  ether,  alcohol,  &c.  Many  of 
these  can  be  produced  by  artificial  means  from  the  first  order, and 
represent  a  stage  in  the  passage  of  organic  matter  into  inorganic 
or  mineral  substances.  Thus,  by  the  oxydation  of  fibrine  in  the 
body,  are  formed  urea,  water  and  carbonic  acid,  and  ultimately 
this  complex  body,  which  contains  upwards  of  1000  atoms,  is  re- 
duced into  water,  carbonic  acid,  and  ammonia,  passing  into  inor- 
ganic matter.  So  sugar  is  changed  into  alcohol,  then  acetic  acid, 
and  finally  into  carbonic  acid  and  water.  The  urea,  alcohol, 
and  acetic  acid,  are,  in  these  instances,  secondary  or  pseudo-or- 
ganic bodies. 

The  true  organic  bodies,  with  few  exceptions,  are  produced  by 
plants  only ;  they  consist  of  carbon,  hydrogen,  oxygen  and  nitro- 
gen chiefly;  some,  however,  contain  sulphur  and  phosphorus, 
whilst  a  t'v\v  present  traces  of  iron,  potash,  soda,  lime,  magnesia, 
and  other  bodies,  either  as  an  intimate  ingredient,  or  as  compo- 
nents necessary  to  the  textures  of  which  they  form  a  part. 
Thus,  it  has  been  found  that  no  cellules  or  tissue  exist  without 
saline  matters,  and  usually  with  some  of  the  above  bodies.  On 
the  other  hand,  a  numerous  class  contain  only  carbon,  hydrogen, 
and  oxygen;  and  some  only  carbon  and  hydrogen,  as  many  essen- 
tial oils.     The  number  of  atoms  of  each  of  the  principal  elements 
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is  usually  great,  and  this  is  one  obvious  reason  for  the  instability 
of  these  compounds. 

All  organic  bodies  are  decomposed  by  a  red  heat,  and  if  burnt 
without  access  of  air,  nearly  all  yield  charcoal.  Many  are  changed 
at  a  less  heat,  whilst  those  which,  like  fibrine,  albumen,  casein, 
&c,  contain  hundreds  of  atoms,  undergo  spontaneous  change  or 
fermentation  by  exposure  to  oxygen  and  warmth.  The  fermentation 
of  one  body  also  communicates  change  to  others,  as  in  the  action 
of  yeast,  which  is  decaying  fibrine, on  a  solution  of  sugar.  This 
catalytic  action  is  not  limited  to  organic  compounds',  but  is  a 
striking  peculiarity  in  them.  In  nearly  all  these  changes,  the 
oxygen  of  the  atmosphere  appears  to  be  the  destroying  principle, 
tending,  in  all  cases,  to  produce  inorganic  compounds,  of  which 
carbonic  acid  (C02),  water  (HO),  and  nitric  acid  (N05),  are  the 
chief;  sulphuric  and  phosphoric  acids  are  also  the  products  of  this 
agent  on  the  sulphur  and  phosphorus  of  the  organic  world. 
When  this  oxydation  is  the  principal  feature  of  the  decay,  it  is 
termed  eremacausis,  which  means  slow  combustion. 

The  acids  and  alkalies  often  determine  the  products  of  decom- 
position; the  former,  producing  substances  which,  like  the  oxide 
of  ethyle,  are  basic;  whilst  the  latter  generate  acids  with  which 
they  combine.  Nitric  acid,  by  imparting  its  oxygen,  is,  however, 
a  most  potent  agent  in  their  decomposition,  oxydizing  them,  and 
producing  numerous  pseudo-organic  substances,  usually  of  an 
acid  reaction. 

Until  the  last  few  years,  little  method  existed  in  this  part  of 
chemistry.  Each  body  was  separated  from  the  rest,  and  the  ordi- 
nary laws  of  affinity  were  supposed  to  be  at  fault;  but  of  late,  it 
has  been  found  that  there  exist  groups  or  genera  amongst  organic 
bodies,  which  are  often  very  extensive,  and  which  seem  to  pre- 
sent a  structure  similar  to  those  of  the  mineral  world.  There  are 
not  the  simple  metals  and  haloid  bodies,  but  there  are  compounds 
distinguished  by  a  striking  electro-positive  reaction,  and  others  by 
an  equally  remarkable  electro-negative  affinity.  These  are  both 
called  compound  radicals;  but  the  terms  electro-positive  com- 
pound radical,  and  electro-negative  compound  radical,  are  more 
definite.  vvo  that  the  simple  laws  of  the  electro-chemical  theory 
seem  to  hold  for  some  of  the  most  complex  bodies  in  nature,  ten, 
twenty,  or  hundreds  of  atoms,  closely  united,  serving  as  a  nega- 
tive radical  towards  either  a  haloid  body  as  oxygen,  chlorine, 
bromine,  or  cyanogen,  or  towards  a  compound  electro-negative 
radical. 

By  the  discovery  and  extension  of  the  theory  of  compound 
radicals,  bodies  formerly  kept  separate  have  been  found  closely 
connected,  and  the  extraordinary  changes  occurring  in  their  oxy- 
dation or  fermentation,  become  clear  and  necessary  results.     A 
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new  impetus  has  also  been  given  to  discovery,  for  no  sooner  is  one 
of  this  class  suspected  than  numerous  researches  are  made  with 
the  more  active  agents  to  investigate  the  nature  of  its  chlorine, 
bromine,  cyanogen,  &c,  compounds.  The  following  tahle  con- 
tains  most  of  the  compound  radicals  at  present  admitted ;  many  of 
them  have  not  been  isolated  ;  but  this  is  no  argument  against  their 
existence,  for  the  radical  of  nitric  acid,  N05,  has  never  been 
separated. 

TABLE  OF  COMPOCiVD  HADICALS. 

Electro  positive. 
Benzyle 
Sal  icy  le 
Cinnamyle 
Eihyle 
Aeetyle 
Cacoilyle 
Metbyle 
Formyle 
Cetyle 
Amyle 
Lipyle 
Allyle 
Proteine 
Uryle 
Acryle 
Margaryle 

There  are,  however,  many  bodies  not  yet  sufficiently  examined 
for  the  detection  of  bases  or  radicals,  as  starch,  gum,  sugar,  &c, 
which,  however,  present  the  characters  of  a  natural  group. 

Isomerism  is  frequent  and  striking  amongst  organic  compounds, 
and  this  will  appear  a  necessary  consequence  of  the  grouping 
of  so  many  atoms  by  a  feeble  force  ;  hence,  heat,  light,  or  a  cata- 
lytic action,  often  produces  a  new  grouping  with  an  entire  change 
of  properties. 

Chemical  and  mechanical  types  also  prevail  in  this  class  of 
bodies,  (see  p.  161,)  and  remarkable  substitutions  may  frequently 
be  made  without  their  destruction. 

The  analysis  of  organic  bodies  is  rather  complex,  but  the  prin- 
ciple is  sufficiently  simple.  The  dry  and  pure  body  is  mixed 
with  several  times  its  weight  of  pure,  dry  black  oxide  of  copper, 
and  heated  in  a  tube  of  hard  glass  to  a  full  red  heat.  By  this 
means  all  its  carbon  and  hydrogen,  taking  up  the  oxygen  of  the 
compound  of  copper,  become  converted  into  carbonic  acid  (C02) 
and  water.  These  are  collected  in  separate  weighed  vessels; 
that  for  the  water  contains  fused  chloride  of  calcium,  which  has 
an  intense' affinity  for  the  liquid,  and  retains  all  that  enters  it;  by 


Symbol. 

Electro-negative. 

Symbol. 

.     Bz. 

Cyanogen 

.     O. 

.     SI. 

Ferro  cyanogen 

.    cry. 

.     Ci. 

Ferrid  cyanogen 

.     CfJy. 

.     Ae. 

Cobalto  cyanogen 

.     Ccoy. 

.     Ac. 

Chiomocyanogen 

.     Ccliy. 

.     Cd. 

Platinocyanogen 

.     Cpty. 

.     Me. 

Jridio-cyanogen 

.     Ciry. 

.     Fo. 

Snlphocyanogen 

.     Csy. 

.     Ce. 

Mel  lone 

.     Me. 

.     Ayl. 

Amulogene  . 

.     Am. 

.     Li. 

Oxalyle 

.     Ox. 

.     All. 

.     Pr. 

.     Ur. 

.     Acy. 

.     Mgl. 
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re-weighing  at  the  end  of  the  operation,  its  amount  is  discovered. 
The  carbonic  acid  is  collected  in  a  vessel  containing  a  strong  solu- 
tion of  potash,  the  weight  of  which,  with  the  glasses  known— as 
all  the  gas  which  enters  the  solution  is  retained;  by  re-weighing  at 
the  close  of  the  operation,  its  amount  will  be  ascertained.  By- 
calculation,  the  amount  of  hydrogen  and  carbon  in  the  water  and 
carbonic  acid  is  discovered,  and  also  the  quantity  of  oxygen  con- 
sumed. 

In  this  way  the  carbon,  hydrogen  and  oxygen  are  ascertained, 
and  if  nitrogen  be  present,  it  may  be  collected  over  mercury 
as  a  gas,  and  its  amount  directly  ascertained,  or  other  means  may 
be  employed.    The  figure  represents  the  apparatus  for  determining 

Fig.  59. 


the  carbon,  hydrogen  and  oxygen  ;  a  is  the  combustion  tube  set  in  a 
charcoal  furnace  g ;  b  is  the  chloride  of  calcium  or  water  tube ;  c,  a 
connector  of  India  rubber,  and  m,  r,  p,  Liebig's  apparatus  of  three 
bulbs  to  contain  the  solution  of  potash  and  retain  the  carbonic  acid. 
The  above  process  is  not  difficult  of  execution,  but  requires 
nice  manipulation.  It  is  of  no  utility  to  the  physician,  and,  there- 
fore, not  of  sufficient  importance  to  occupy  the  pages  of  a  manual. 
Those  who  want  to  make  themselves  acquainted  with  the  steps  of 
the  analysis  will  find  longer  articles  in  Graham's  or  Kane's 
chemistry. 


ON  THE  PRODUCTION  OF  THE  PRIMARY  ORGANIC  PRINCIPLES. 

We  cannot,  by  bringing  the  elements  oxygen,  carbon,  and  hy- 
drogen in  contact,  cause  them  to  unite  in  such  a  manner  as  to 
produce  sugar  or  any  other  primary  organic  body.  In  such  cases, 
if  we  employ  heat  or  electricity  as  the  arranging  force,  there  are 
produced  only  the  first  binary  compounds  of  the  mineral  king- 
dom. The  secondary  or  pseudo-organic  bodies  may  frequently  be 
produced  by  certain  chemical  operations  on  the  primary  bodies,  or 
by  their  partial  destruction;  but  the  latter  are  not  generated  either 
iii  the  mineral  world,  or  in  the  bodies  of  animals;  they  appear  to 
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be  the  exclusive  products  of  that  tribe  of  the  vegetable  kingdom 
which  are  of  a  green  color,  and  require  light  for  their  development. 

The  elements  concerned  in  their  production,  are  known  to  have 
allotropic  states,  but  have  not  yet  been  insulated  except  in  the 
/3  (beta)  form;  they  have  also  an  alpha  or  active  state,  which  is 
surmised  to  be  fluid,  and  it  is  in  this,  or  perhaps  some  further 
condition  in  which  they  are  thrown  by  the  operation  of  the  sun's 
light,  that  they  combine  to  form  organic  bodies.  These  produc- 
tions are  therefore  appropriately  considered  as  the  resultants  of 
light,  because  that  agent  is  essential  to  their  formation,  and  the 
substances  are  totally  different  from  such  as  would  be  produced 
by  the  operation  of  electricity  or  heat. 

U  we  plant  a  seed  in  a  soil  perfectly  fertile,  but  in  the  dark, 
a  young  plant  is  produced,  which  in  a  few  days  has  attained  its 
maximum  size;  here  a  suitable  warmth,  a  proper  soil,  and  active 
chemical  or  electrical  conditions  are  present,  but  the  seedling  is 
of  a  pale  yellow  color  (etiolated),  it  is  surcharged  with  moisture, 
it  has  not  the  capacity  to  increase  in  size,  and  after  a  few  days  it 
dies.  The  nutriment  stored  up  in  the  seed  is  converted  by  heat, 
moisture,  and  electrical  action  into  a  new  arrangement,  being 
partially  decomposed — but  the  ability  to  group  the  fluid  and  saline 
matters  of  the  soil,  and  the  gases  of  the  air,  into  new  forms  capable 
of  supplying  more  aliment  for  its  growth,  and  having  the  capacity 
of  the  nutriment  of  the  seed,  is  absent.  To  accomplish  this,  light 
must  be  admitted,  and  if  we  allow  its  entrance  on  one  side  of  a 
dark  room,  the  young  plant  instinctively  turns  to  it  for  succor 
and  support. 

In  the  dark,  out  of  pre-existing  starch,  albumen  and  other 
primary  organic  principles,  heat  and  the  chemical  force  can  pro- 
duce the  cellular  tissue,  oils,  fats,  resins,  acids,  alkaloids  and  other 
secondary  bodies,  by  a  new  arrangement  of  the  atoms  of  the 
former  principles;  but  these  forces  are  utterly  powerless  in  the 
creation  of  starch  and  albumen  out  of  water,  carbonic  acid  and 
ammonia  which  constitute  ninety-nine  hundredths  of  the  food  of 
plants.  We  conceive,  then,  that  the  changes  impressed  by  the 
vegetable  on  its  products  are  peculiar,  that  their  atoms  are 
thrown  into  new  and  somewhat  instable  conditions,  and  unite 
by  reason  of  it  in  groups  more  complex  than  in  the  mineral 
world,  producing  results  altogether  dissimilar,  and  being  by  this 
peculiar  cause  endowed  more  or  less  with  the  capacity  of  pro- 
ducing life,  when  consumed  in  an  appropriate  machine,  as  the 
body  of  an  animal. 

The  true  organic  body  is  the  result  of  the  action  of  light,  and 
its  destruction  for  the  production  of  inorganic  matter  is  the  effect 
of  common  electricity,  or  ordinary  affinity.  It  is,  therefore,  in  an 
instable  state,  and  in  its  passage  to  that  which  is  more  perma- 
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nent,  extraordinary  phenomena  arise,  such  as  light,  heat,  electri- 
city, and  under  peculiar  circumstances,  the  motions  which  we 
term  vital.  At  least,  vital  operations  take  place  only  during  the 
change  of  organic  matters,  under  the  influence  of  electrical  forces, 
and  cease  whenever  these  are  arrested ;— life  being  a  resultant 
of  innumerable  chemical  changes  in  the  body,  or  in  organized  mat- 
ter, derived  from  the  action  of  plants,  and  ceasing  as  soon  as  a 
supply  of  the  matter,  or  a  stoppage  to  the  changes,  occurs.  And 
these  changes  are  of  the  nature  of  oxydation  and  the  conversion 
of  organic,  back  into  mineral  matter. 

The  plant,  then,  is  the  laboratory  in  which  the  true  organic 
principles  are  created,  and  the  sun's  light  the  agent  appointed  to 
mould  them  into  forms  capable  of  sustaining  the  warmth  and 
energy  of  animals.  Of  the  agent  we  have  said  as  much  as  is 
consistent  with  our  limits,  but  it  may  be  well  to  treat  of  the  nature 
of  the  plant  and  the  peculiarities  of  its  action. 

True  plants  are  to  be  distinguished  from  mushrooms,  or 
fungi,  which  possess  functions  entirely  different,  by  their  green 
color.  They  consist  internally  of  cellules  either  of  a  hexagonal 
form  or  variously  elongated  for  particular  purposes.  The  leaf  of 
a  tree  presents  a  specimen  of  a  true  plant,  but  the  flowers  have 
the  functions  of  animals  ;  they  consume  food,  throw  out  heat, 
and  frequently  evince  motion.  The  presence  of  tubes  is  not 
essential  to  the  plant,  these  being  provided  for  the  purpose  of 
allowing  the  fluids  of  the  earth  to  pass  up  to  the  leaf;  and  another 
apparatus  being  also  present  in  trees  to  carry  the  sap  changed  by 
the  action  of  light,  to  the  roots  and  other  parts  of  the  structure. 
But  wiihout  entering  into  the  discussion  concerning  the  ascent 
and  descent  of  the  sap,  and  the  difference  of  action  between  the 
leaves  and  flowers,  it  may  suffice  for  us  to  produce  the  simplest 
instance  of  a  true  plant,  and  consider  how  it  is  nourished,  and 
what  changes  are  impressed  upon  its  food  by  light. 

The  simplest  vegetable,  like  the  simplest  animal,  is  a  single 
cellule,  called  the  Chlorococcum  vulgare.  It  is  found  in  large 
numbers  on  mouldy  walls,  exposed  to  the  full  action  of  light.  Its 
form  is  spheroidal,  and  it  consists  of  a  perfect  membrane  united  in 
all  its  parts;  this  is  a  fine  colorless  pellicle;  in  its  interior  is  a 
green  pulverulent  matter,  with  water  and  other  fluids  and  gases. 
Exteriorly,  the  bounding  membrane  touches  the  moist  wall  at  one 
side  and"  exposes  itself  to  the  sun  at  the  other.  Here  is  the 
entire  plant,  and  the  loftiest  tree  is  but  an  aggregate  of  such 
cellules,  its  leaves  possessing  no  other  functions ;  they  differ 
only  in  the  arrangement  of  their  parts. 

the  young  plant  is  a  translucent  cellule,  its  bounding  mem- 
brane is  then°hyaline,  and  it  has  no  green  matter  in  its  interior.  The 
membrane  consists  of  cellulose,  in  combination  with  a  little  saline 
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matter ;  it  is  the  same  as  that  of  the  cells  of  all  other  true  plants. 
Cellulose  is  a  substance  almost  identical  with  starch  in  chemical 
structure,  and  is  procured  from  it  as  well  as  from  sugar  and  other 
bodies  by  chemical  changes,  as  in  fermentation,  germination  and 
other  kinds  of  sub-decomposition.  Cotton,  wool,  and  the  hairy 
down  of  plants  consist  of  the  almost  empty  cells  of  cellulose. 
The  chemical  nature  of  this  body  is  altogether  different  from  that 
of  the  cell  walls  of  animal  substances  ;  these  consist  of  compounds 
of  albumen  with  saline  matters. 

The  cell  wall  is  everywhere  complete,  there  being  no  fissures 
or  punctures  in  it,  but  it  nevertheless  allows  some  bodies  to  pass 
through  it  to  the  interior,  or  is  porous.  Its  porosity  is  not  due  to 
palpable  apertures,  for  no  microscope  can  discover  them;  it  is 
the  porosity  which  belongs  to  all  masses  of  matter,  being  due  to 
the  spaces  which  exist  between  the  atoms.  Hence  it  is  to  be  dis- 
tinguished in  its  effects  from  the  action  of  holes  which  would 
allow  leakage,  for  through  these  interstices  such  bodies  alone 
pass  as  have  an  electrical  or  capillary  attraction  for  the  bounding 
membrane  ;  and  such  alone  pass  into  the  interior  as  have  a  similar 
relation  to  the  fluid,  solid  or  gases  which  may  occupy  it.  That 
the  cellules  of  plants  have  this  interstitial  or  capillary  porosity, 
I  have  directly  proved  by  experiments  with  the  epidermis  of 
several  species.*  The  nature  of  capillary  attraction,  and  the 
conditions  necessary  to  the  entrance  of  gases  or  fluids  into  the 
interior  of  cellules,  will  be  fully  examined  in  a  subsequent  chapter. 

The  cell  lies,  on  one  side,  in  apposition  with  the  earth  or  moist 
wall  on  which  it  vegetates;  from  this  quarter  it  is  supplied  with 
water,  holding  in  suspension  carbonic  acid,  and  a  little  ammonia, 
and  containing  saline  matters,  of  which  the  phosphates  and  sul- 
phates of  potash,  soda,  lime  and  magnesia  are  the  chief.  Some 
plants,  however,  demand  silica,  iron,  and  other  peculiar  mineral 
bodies.  The  water,  with  the  bodies  it  contains,  is  admitted  by 
porosity  into  the  plant,  and  serves  by  swelling  it  out,  to  advance 
its  development.  On  the  other  side,  the  membrane  is  in  contact 
with  the  air,  from  which  it  selects  carbonic  acid,  and  perhaps,  in 
dry  weather,  a  little  carbonate  of  ammonia.  It  is  now  lighted  by 
the  sun,  and  the  problem  to  be  resolved  is,  what  changes  occur 
within  this  petty  laboratory  ?  Such  as  are  the  foundation  of  life, 
such  as  shall  hereafter  furnish  means  for  the  support  of  the 
physical  and  mental  activity  of  man  himself! 

The  matters  which  have  found  entrance  through  the  porous 
wall  of  the  cellule,  constitute  the  plant  food,  out  of  which  all 
organic  bodies  are  directly  or  indirectly  to  be  generated.     This 

*  See  my  memoir,  entitled  "The  Physical  Structure  of  Plants,-'  in  the  Ameri- 
can Journal  of  Science.     Vol.  ii.  184G. 
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food,  which  alone  serves  to  nourish  the  oak,  the  weed,  or  the 
mildew,  consists  of  water,  carbonic  acid,  ammonia,  phosphoric 
and  sulphuric  acids,  in  combination  with  certain  bases  of  potash, 
soda,  lime  and  magnesia  chiefly,  these  being  in  minute  quantities, 
but  absolutely  essential.  Put  them  together  by  the  electrical 
force,  and  we  have  an  impure  solution  of  carbonate  of  ammonia, 
and  to  this  they  pass  upon  the  final  decay  of  the  plant.  The  result 
of  the  chemical  force  is  thus  far  uniform,  but  they  are  now  to  be 
grouped  by  the  sun's  light.  Instead  of  a  simple  union  in  which 
oxygen  gas  is  the  most  active  element,  as  in  chemical  compounds  ; 
instead  of  a  change  the  great  feature  of  which  is  oxydation,  the 
light  commences  organic  operations  by  driving  off  the  oxygen 
—  by  a  procedure  the  reverse  of  that  of  electricity,  and  by  deoxyda- 
tion. 

The  yellow  ray  of  light  falling  on  the  cellule  distended  by  ca- 
pillary action  with  food,  commences  its  digestion  by  decompos- 
ing carbonic  acid.  This  body,  C02,  loses  its  oxygen,  most  of 
which  passes  out  of  the  cellule  into  the  air,  some  of  which  is,  how- 
ever, retained  ;  this  decomposition  is  the  effect  of  the  sun's  light, 
for  it  does  not  occur  in  the  plant  during  darkness.  Nascent  car- 
bon is  thus  produced,  and  it  instantly  unites  with  some  of  the 
water  present,  twelve  atoms  of  carbon  combining  with  ten  atoms 
of  water,  whereby  soluble  starch  or  dextrine  is  formed,  having 
the  form  C12H|0O|0.  Here  is  at  one  effort  produced  the  most  im- 
portant body  in  organic  chemistry.  This  gives  a  gummy  consist- 
ence to  the  water  of  the  cellule,  which  in  the  plant  constitutes 
the  elaborated  sap.  By  another  action  of  change  the  green  color 
of  the  cellule  is  generated,  and  thereafter  further  alterations  in 
the  plant  food  occur.  The  green  matter,  termed  Chlorophyll, 
serves  the  important  purpose  of  decomposing  the  compound  beam 
of  white  light ;  it  absorbs  the  red  and  allows  the  yellow  and  some 
blue  rays  to  pass  during  the  vigor  of  the  plant;  but  as  soon  as  it 
acquires  the  orange  and  red  tint  of  autumn,  these  active  rays  are 
more  or  less  cut  off,  and  the  functions  of  the  leaf  are  altered,  or 
cease  altogether. 

This  decomposition  of  carbonic  acid  is  the  starting  point  of  life, 
and  of  the  activity  of  the  plant.  The  oxygen  thrown  off  produces 
a  gaseous  current  outwards,  which  is  compensated  by  the  substi- 
tution of  a  stream  of  fresh  carbonic  acid  from  the  air;  thus  this 
important  aliment  is  recruited.  The  thickening  of  the  water  by 
the  dextrine,  serves  to  solicit,  on  the  other  side,  fresh  supplies  of 
fluid  from  the  soil,  and  under  the  influence  of  these  causes  the 
cellule  expands  or  grows.  But  chiefly  is  the  effect  remarkable  in 
the  chemical  action  of  the  gummy  dextrine  itself.  The  student 
will  learn  that  sugar,  starch,  dextrine,  cellulose  and  woody  fibre 
are  closely  allied,  all  being  compounds  of  carbon  with  water,  nearly 
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in  the  same  proportions,  and  being  mutually  convertible — they  do 
indeed  act  as  though  they  were  almost  isomeric.  To  have  pro- 
duced dextrine,  is,  therefore,  the  same  thing  as  to  have  generated 
gum.  sugar,  &c,  as  these  may  be  artificially  made  from  it.  But 
the  dextrine  is  still  more  important,  for  by  its  combination  with 
ammonia,  present  in  the  cell  fluid,  there  is  generated  proteine; 
this  process  will  be  explained  hereafter.  Proteine  is  the  basis 
or  compound  radical  of  fibrine,  cheese,  albumen,  muscles  and  all 
the  tissues  of  animals,  and  the  essential  component  of  all  food 
capable  of  sustaining  life.  By  this  simple  union,  is  therefore 
generated  the  most  important  product  in  nature. 

But  the  deoxydizing  action  of  the  sunbeam  is  not  confined  to 
carbonic  acid  ;  the  phosphoric  and  sulphuric  acids  present  are  re- 
duced to  their  elementary  forms.  The  sulphur  and  phosphorus 
uniting  with  proteine  give  it  the  structure  of  fibrine  and  albumen, 
and  thus  the  process  is  completed,  whereby  the  two  great  classes 
of  organic  bodies  are  produced. 

To  the  first  class,  called  the  Amyhtm  series,  belong  the  non- 
azotized  bodies,  starch,  sugar,  gum,  lignin,  and  their  modifica- 
tions. By  oxydation  these  yield  the  vegetable  acids,  by  deoxyda- 
tion  and  fermentation  they  produce  alcohol,  ether,  the  oils  and 
allied  bodies,  and  by  a  high  heat  volatile  and  tarry  substances. 

The  second  class  or  the  Proteine  series  contains  albumen,  fibrine, 
caseine,  and  their  modifications  in  the  blood  and  animal  tissues; 
by  the  influence  of  chemical  action  these  yield  ammonia,  urea, 
alloxan,  and  other  secondary  animal  products,  whilst  in  plants 
they  seem  to  be  connected  with  the  production  of  the  alkaloids 
and  azotized  coloring  matters. 

Subordinate  to  these  groups  of  primary  organic  bodies,  other 
substances  are  formed  in  the  texture  of  plants;  some  of  these  are 
common  to  all,  and  many  are  peculiar  to  a  few.  They  are,  more- 
over, supposed  to  be  produced  by  catalytic  actions,  occurring 
chiefly  in  the  parts  of  plants  removed  from  the  sun's  light,  and  in 
the  roots  where  there  is  also  a  lower  temperature  than  in  the 
leaves.  To  this  secondary  class  belong  the  oils  and  vegetable 
acids;  the  former  are  probably  formed  in  the  presence  of  light,  for 
they  are  deoxydized,  some  containing  no  oxygen,  and  having  a 
resemblance  to  the  general  formula  C5H4.  The  oils  are  formed 
from  bodies  of  the  amylum  series,  for  they  can  be  produced  by 
fermentation  {catalytic  action)  from  them;  they  also  often  ap- 
pear in  the  Indian  corn  plant,  as  the  sugar  disappears,  and  are 
closely  connected  with  its  conversion,  for  carbonic  acid  is  pro- 
duced at  the  same  lime,  and,  as  will  appear  hereafter,  the  sepa- 
ration of  this  body,  with  a  few  equivalents  of  oxygen,  from  the 
amylum  compounds,  converts  them  into  oily  and  fatty  bodies.  As 
the  acids  are  formed  at  the  same  time  as  the  oils, 'the  excess  of 
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oxygen  may  serve  to  give  them  their  necessary  components,  for 
the  equivalents  necessary  to  make  up  an  atom  of  oil  and  of  vege- 
table acid,  represent  two  atoms  of  sugar,  with  a  few  atoms  of  car- 
bonic acid  which  are  separated. 

The  coloring  matters  of  plants  present  a  resemblance  to  the 
proteine  bodies,  usually  contain  a  considerable  amount  of  nitro- 
gen, and  are  most  probably  secondary  products  of  this  radical. 
The  vegetable  alkaloids  do  not  present  this  connection;  they  con- 
tain but  little  nitrogen,  and  appear  to  be  formed  by  the  action  of 
ammonia  on  bodies  of  the  amylum  series. 

In  entering  upon  the  field  of  organic  chemistry,  it  may  be 
proper  to  give  some  outline  of  our  course.  We  propose  first  to 
present  the  primary  bodies  of  the  amylum  series,  then  the  deriva- 
tives from  them  produced  by  the  action  of  fermentation,  by  oxyda- 
tion  and  by  heat;  this  will  carry  us  through  the  greater  part  of 
the  non-azotized  organic  bodies.  Special  chapters  will  be  de- 
voted to  the  oils  and  fats,  alkaloids  and  coloring  matters.  The 
azotized  group  will  next  be  presented;  and  we  then  enter  on  the 
subject  of  food,  the  process  of  digestion,  the  means  by  which 
chyle,  lymph  and  the  blood  are  borne  through  the  system,  with 
the  nature  of  these  fluids  and  their  offices  in  the  body,  including 
respiration.  The  nature  of  secretion,  especially  of  the  liver  and 
kidneys,  will  then  be  considered. 
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The  bodies  of  this  series  are  not  known  to  have  any  compound 
radical,  but  they  all  contain  12  atoms  of  carbon  united  to  from 
eight  to  fourteen  of  water,  and  if  we  select  C12HsOs,  which  is 
lignin,  for  the  primary  body,  the  others  will  be  hydrates  of  it. 
This  body  is  also  the  most  stable  of  the  series,  and  one  into  which 
they  are  resolved  in  a  great  measure  by  plants.  The  principal 
bodies  are  enumerated  in  the  following  list,  but  they  present 
several  varieties,  some  of  which  have  not  yet  been  analyzed. 
Their  formulas  are  doubled  by  a  few  chemists  in  consequence  of 
some  of  them  forming  compounds  with  salt,  &c,  in  the  higher 
number.     Those  bodies  placed  in  brackets  are  isomeric. 

Starch         -         -  ~| 

Dextrine     -         -         -       L    „    n 

Cellulose    -         -         -       pi2niouio- 

Tragaeanthine     - 

Cane  sugar  -         -      )  „    „   n 

Gum  Arabic       -         -      £  ^i2nnuu 

Sugar  of  milk     -         -         C12H120]2 

Sugar  of  ergot     -         -         C12H)3013 

Grape   sugar  (glucose*)      *j 

Sugar  of  eucalyptus     - 

Sugar  of  starch 

Sugar  of  diabetes 

Lignin       -  C12H8  Ob 

Pec.ine      -         -         -         C)2H8  O10 

Starch— Fecula.  CI2HI0OI0. — It  is  found  abundantly  in  the 
seeds  of  plants,  and  in  the  tubers,  roots  and  other  parts  of  annuals. 
It  is  separated  for  commercial  purposes  from  wheat  and  potatoes; 
the  process  is  as  follows:  The  potatoes  are  rasped  finely  by  a 
revolving  instrument,  and  the  magma  thus  produced  is  kneaded 
with  a  large  amount  of  water  frequently  renewed,  upon  fine  hair 
sieves,  through  which  the  water  carries  the  starch,  whilst  the 
cellular  and  fibrous  matters  remain  behind.  The  water  is  at  first 
milky,  but  soon  precipitates  its  starch,  which  is  altogether  inso- 
luble in  cold  water,  as  an  adhesive  mass,  which  may  now  be  dried 
at  about  212°,  and  subsequently  splits  up  into  the  columnar 
masses  in  which  it  is  found  in  the  shops.  Potatoes  furnish  about 
23  per  cent,  of  starch,  but  wheat  flour  yields  upwards  of  sixty, 
by  a  process  very  similar  to  the  above. 

The  principal  substances  in  commerce  abounding  in  starch,  are 
arrow-root,  tapioca,  sago,  cassava,  rice,  barley,  and  grains  gene- 
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rally  ;  but  the  sweet  potatoe,  many  fruits  and  vegetables,  also 
contain  large  amounts. 

Starch  is  tasteless  and  inodorous;  it  consists  of  white  granules, 
having  a  regular  organization,  but  differing  in  size  in  different 
plants.  It  is  of  soft  texture,  insoluble  in  cold  water  or  alcohol,  but 
soluble  in  boiling  water,  which  appears  to  rupture  the  insoluble 
shell  of  the  cellules,  and  allow  the  interior  gelatinous  body,  called 
amidine,  to  pass  out.  The  gelatinous  starch  dries  into  a  yellow 
transparent  body  like  gum,  which  afterwards  swells  in  cold 
water.  Starch  baked  at  400°  F.  has  its  cellules  broken  up,  and 
becomes  a  clear  brownish  body  called  British  gum,  or  leiocome  ; 
it  closely  resembles  common  gum,  and  is  used  as  a  substitute  in 
the  arts. 

A  cold  solution  of  starch  (amidine)  is  gelatinous  in  proportion 
to  its  concentration;  when  dilute  it  is  precipitated  by  solution  of 
lime,  baryta,  oxide  of  lead,  and  other  metallic  bodies,  as  well  as  by 
alcohol — a  few  drops  of  tincture  of  iodine  produce  a  rich  blue 
color  (iodide  of  starch),  which  is  highly  characteristic.  This  does 
not  act  in  a  boiling  solution,  and  the  color  is  destroyed  by  heating 
for  some  time,  the  iodine  being  volatilized.  Starch  is  neutral, 
but  compounds  have  been  formed  with  oxide  of  lead,  &c.  By  the 
action  of  dilute  sulphuric  acid  and  heat,  or  by  diastase,  starch  is 
converted  first  into  dextrine,  and  finally  into  starch  sugar  or  glu- 
cose. This  is  a  catalytic  action,  for  a  few  drops  of  acid  will 
change  almost  any  amount  into  dextrine,  which  is  isomeric  with 
starch,  and  therefore  consists  of  the  same  atoms  differently  grouped. 

There  are  several  varieties  of  starch — the  chief  of  which  are 
the  gelatinous  starch  of  Iceland  moss,  called  lichen  starch  ;  cara- 
gheenin  or  the  starch  of  Irish  moss;  and  inuline, which  is  derived 
from  the  root  of  the  dahlia,  Jerusalem  artichoke,  Inula  helenium, 
and  other  bodies.  Inuline  is  rendered  yellow,  and  not  blue,  by 
iodine,  and  has  the  formula  of  C]2HnOn,  according  to  Mr.  Parnell. 

Starch  is  used  in  the  arts  for  the  purpose  of  giving  consistency 
and  polish  to  textile  fabrics;  a  solution  serves  also  to  give  card- 
board splints  considerable  hardness  when  dry.  In  medicine  it  is 
used  as  an  absorbent  to  wounds;  and  in  dietetics  as  a  demul- 
cent when  cooked.  Rice,  and  the  bodies  already  enumerated, 
consist  chiefly  of  this  principle,  and  are  used  to  an  injurious  extent 
in  the  sick  chamber,  under  a  false  impression  that  they  are  highly 
nutritious,  and  easy  of  digestion.  So  far  from  this,  it  has  been 
found  that  these  aliments  are  very  injurious  in  cases  where  there 
is  irritation  of  the  gastro-enteric  membrane,  especially  in  children ; 
for,  by  collecting  about  the  follicles,  the  granules  irritate  them, 
producing  or  increasing  diarrhoea.  Indeed,  in  the  Hopital  des 
Enfans  Trouves,  of  Paris,  it  has  been  found  that  the  diet  of  rice, 
to  which  children  suffering  from  diarrhoea  had  been  condemned, 
21 
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was  one  of  the  chief  causes  of  mortality  in  that  institution,  and 
light  jellies  have  now  been  substituted.  In  these  cases  it  pro- 
duced follicular  inflammation  of  the  intestines,  which  was  the 
cause  of  death.  The  barley-water  and  farinaceous  slops  of  our 
sick  rooms  are  equally  pernicious,  and  should  be  cast  aside  as  a 
relict  of  the  exploded  systems  which  prescribed  indiscriminate 
purgation,  bleeding  and  sweating  as  the  sheet  anchors  of  the  heal- 
ing art.  Iodide  of  starch  has  been  recommended  as  a  medicine, 
but  possesses  little  of  the  activity  of  iodine,  and  becomes  uncertain 
in  its  composition  if  kept,  or  exposed  to  warmth. 

Sugar. — Under  this  name  are  grouped  a  variety  of  bodies,  hav- 
ing a  sweet  taste,  and  solubility  in  water,  as  their  characteristics. 
The  principal  are  cane  sugar,  glucose,  and  milk  sugar,  or  lactine, 
but  there  are  also  a  sugar  of  ergot,  a  sugar  of  the  Eucalyptus,  and 
a  variety  derived  from  manna  and  mushrooms,  called  mannite, 
which  has  the  formula  C6H.06 ;  this  is  crystalline  and  non-fer- 
mentable. 

Cane  Sugar — Ordinary  Sugar. — In  the  crystallized  state  its 
formula  is  C^H^O,,,  but  two  atoms  of  the  water  appear  to  be 
attached  as  water  of  crystallization,  and  removable  by  heat,  when 
it  melts,  and  forms  the  yellowish,  transparent  barley-sugar. 

It  is  obtained  from  the  juice  of  the  sugar  cane,  beet  root,  and 
sugar  maple,  for  commercial  purposes,  but  exists  in  many  other 
plants.  The  clear  juice  is  first  inspissated  by  boiling,  the  scum 
being  continually  removed;  when  it  has  acquired  a  certain  thick- 
ness, it  is  placed  in  shallow  pans  to  granulate  or  crystallize.  It  is 
then  drained  from  the  uncrystallizable  syrup  or  molasses,  and  con- 
stitutes raw  or  Muscovado  sugar.  This  is  further  refined  by  re- 
dissolving,  heating  with  the  serum  of  blood  or  white  of  eggs,  and 
removing  the  scum.  The  syrup  is  next  filtered  through  animal 
charcoal,  which  decolorizes  it,  and,  being  inspissated  again  to  the 
crystallizing  point,  it  is  put  into  conical  moulds.  This  forms,  when 
dried  by  a  stove,  common  loaf  sugar,  which  may  be  further  refined 
by  pouring  through  it  in  the  mould,  before  drying,  some  clear 
syrup.  When  carefully  prepared  from  syrup,  it  crystallizes  in  the 
fine,  large,  oblique  rhombic  crystals  of  sugar  candy.  Sugar  is 
deprived  of  water  by  a  high  heat,  and  resolved  into  a  brown  body 
called  caramel,  used  as  a  coloring  matter. 

Sugar  is  neutral  in  properties,  but  it  forms  compounds  with 
common  salt,  the  oxides  of  lead,  barium,  calcium,  &c.  By  dilute 
sulphuric  acid  it  is  first  converted  into  glucose,  but  by  long 
heating  it  throws  down  black  precipitates  called  sachulmine  and 
sachuhnic  acid,  nearly  resembling  common  uimine,  the  product  of 
the  slow  decay  of  woody  matter.  By  the  action  of  caseine  fer- 
ment it  is  converted  into  lactic  acid.  The  test  will  be  given 
under  Glucose. 
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Glucose;  CI2HUG14— Fruit  Sugar,  Grape  Sugar,  Starch 
Sugar,  Sugar  of  Honey,  Sugar  of  Diabetes.— As  its  name 
implies,  it  abounds  chiefly  in  fruits,  and  is  readily  procured  from 
raisins  or  honey;  it  is  also  the  sugar  found  in  the  urine  of 
persons  afflicted  with  diabetes  mellitus.  Cane  sugar,  starch  and 
lignin  are  readily  converted  into  it  by  the  action  of  very  dilute  sul- 
phuric acid,  assisted  by  heat  in  the  case  of  the  two  latter.  It  is 
less  sweet  and  soluble  than  cane  sugar,  and  crystallizes  with  dif- 
ficulty into  confused  masses.  By  heat  it  loses  four  atoms  of 
water,  blackens  and  becomes  decomposed  ;  it  is  also  blackened  by  a 
solution  of  caustic  potash  which  does  not  affect  cane  sugar.  On 
the  other  hand,  it  dissolves  freely  in  strong  sulphuric  acid,  and 
forms  sulp  ho  saccharic  acid,  which  yields  regular  salts  with  bases. 
Cane  sugar  is  decomposed  and  blackened  by  the  strong  sulphuric 
acid.  Heated  with  the  alkaline  earths,  glucose  forms  g/ucic 
acid,  and  with  a  boiling  solution  of  the  alkalies,  the  melasinic 
acid — bodies  of  no  peculiar  interest. 

The  principal  distinction  between  glucose  and  the  other  sugars 
is  that  it  is  readily  fermentable,  whilst  they  have  to  be  convened 
into  it  before  taking  on  this  change,  and  "some  do  not  ferment 
under  any  circumstances — as  mannite,  and  glycyrrhizine,  or  the 
sugar  of  liquorice.  It  is  also  distinguished  from  cane  sugar  by 
its  action  on  the  oxide  of  copper.  If  glucose  and  cane  sugar 
be  mixed  in  separate  tubes  with  a  very  dilute  solution  of  sulphate 
of  copper,  and  a  solution  of  caustic  potash  be  then  added  until 
the  precipitate  first  formed  is  re-dissolved,  beautiful  blue  solutions 
will  be  obtained  in  both  vessels;  but  if  they  be  now  heated,  the 
one  containing  glucose  will  rapidly  change  to  an  opaque  green 
color,  then  orange,  and  finally  yield  a  dark  red  precipitate, 
leaving  the  fluid  clear;  but  the  fluid  containing  the  cane  sugar 
will  remain  blue  for  a  long  time  before  it  throws  down  a  red 
precipitate  of  suboxide  of  copper.  This  test  is  employed  also 
for  the  purpose  of  detecting  sugar  in  diabetic  urine,  the  only 
additional  step  being  the  separation  of  any  precipitate  which 
may  fall  on  the  introduction  of  the  solution  of  potash.  This  is 
called  Trornrner'1 s  test,  and  is  highly  satisfactory. 

Sugar  of  Milk,  Lactine — GlaHiaOI9 — is  present  in  milk,  and 
obtained  by  evaporating  whey  to  a  syrup,  and  allowing  the  sugar 
to  crystallize.  It  forms  white  four-sided  prisms  of  considerable 
hardness,  is  sparingly  soluble,  and  does  not  readily  ferment,  and  is 
converted  into  lactic  acid  by  caseine  ferment.  It  is  used  by  the 
homoeopaths  to  mix  with  their  medicines. 

Sugar  of  Diabetes  Insipidus. — This  curious  substance,  derived 
from  the  urine  of  persons  suffering  from  insipid  diabetes,  has  all 
the  chemical  characters  of  sugar,  but  is  tasteless. 

Gum. — Under  this  head  are  grouped  a  number  of  bodies  which 
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are  more  or  less  acted  on  by  cold  water — some,  like  arabine  and 
dextrine,  being  very  soluble,  and  forming  a  thick  mucilage  ;  others, 
like  tragacanthine,  merely  swelling.  They  are  nearly  all  taste- 
less, and  when  dry,  form  a  more  or  less  transparent,  brittle  or 
horny  mass,  without  crystalline  form.  The  chief  varieties  are 
dextrine,  arabine,  tragacanthine  and  pectine. 

Dextrine. — This  is  the  mucilaginous  fluid  of  vegetables;  it 
is  also  produced  by  the  action  of  very  dilute  sulphuric  acid 
and  other  catalytic  agents  on  solution  of  starch,  and  in  germina- 
tion. Its  name  is  derived  from  the  property  a  solution  possesses 
of  turning  a  ray  of  polarized  light  to  the  right,  whereas  gum 
turns  it  to  the  left.  It  is  the  great  cytoblastema  of  plants,  out  of 
which  the  various  tissues  are  made  by  cell  growth.  It  is  pro- 
duced from  the  starch  of  seeds  and  bods  by  diastase;  which  is  a 
true  ferment  derived  from  the  oxydation  of  albumen.  The  seed 
contains  albumen  or  fibrine  and  starch  ;  so  long  as  these  are  kept 
dry,  no  change  occurs,  but  on  committing  it  to  the  soil,  moisture 
and  warmth  act,  and  oxygen  is  absorbed  the  last,  acting  on  the  pro- 
teine  body,  produces  diastase,  and  this  communicates  a  change, 
catalytically,  to  the  starch,  which  hence  becomes  a  solution  of 
dextrine,  and  fitted  to  supply  the  materials  of  growth  to  the  cell 
germs  (cytoblasts)  of  the  embryo.     Its  formula  in  the  dry  state  is 

C,2H,o°,o- 

Arabine — Gum  Arabic;  C„HuOM. — It  is  the  produce  of  seve- 
ral trees,  of  the  genus  Acacia,  being  thrown  out  as  an  exudation 
from  their  trunks.  The  purest  is  without  color,  bright,  readily 
soluble,  forming  a  thick  mucilage  with  water.  It  is  employed  as 
a  demu1  it,  and  to  suspend  oily  and  resinous  bodies  in  pharmacy. 
Alcohoi  ..nd  a  solution  of  subacetate  of  lead  precipitate  it  from 
its  solur    n. 

Tragacanthine,  Cerasin,  Bassorine,  and  several  other  gummy 
bodies,  refuse  to  dissolve  in  cold  water, but  swell  and  become  pulpy. 

Pectine — Vegetable  Jelly. — This  substance  is  found  in  some 
fruits,  and  in  the  carrot  and  similar  roots;  it  is  sparingly  soluble 
in  cold  water,  but  dissolves  by  heat  and  gelatinizes  as  it  cools. 
It  is  tasteless,  and  abundant  in  the  currant.  By  contact  with  the 
alkalies  it  is  changed  into  pectic  acid,  a  substance  apparently 
isomeric  with  pectine.  Its  composition  is  not  quite  certain,  but 
according  to  Mulder  is  C]2H8O|0. 

Lignin. — This  name  is  given  to  the  interior  insoluble  and  fixed 
matter  of  woody  fibre.  The  fibre  itself  consists  of  fusiform  cel- 
lules arranged  in  bundles,  the  material  of  which,  like  all  the  cel- 
lules of  the  plant,  is  cellulose  (C12H10Om),  and  these  contain  the 
lignin,  the  structure  of  which  is  CI2Hs08.  Fine  linen  offers  a 
beautiful  illustration  of  cellular  lignin;  it  is  white,  tough,  taste- 
less, insoluble  and  innutritious.     Strong  sulphuric  acid  converts 
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it  in  the  cold  into  a  tough  mass  resembling  a  solution  of  dex- 
trine; but  if  the  mixture  be  warmed,  the  lignin  will  be  charred. 
If  the  solution  of  dextrine  obtained  in  this  way  be  boiled,  it  be- 
comes converted  into  a  solution  of  grape  sugar,  which  may  be 
depurated  by  neutralizing  the  acid  by  chalk,  filtering  and  evapo- 
rating to  dryness.  Linen  rags  may  thus  be  made  to  yield  more 
than  their  weight  of  grape  sugar. 

Cotton  fibre  presents  us  with  a  specimen  of  nearly  pure  cellu- 
lose, and  there  is  not  much  distinction  between  the  reactions  of 
this  body  and  linen.  They  have  the  same  general  properties ; 
they  may  both  be  made  into  a  magma  by  beating  with  water, 
from  which  preparation  paper  is  made  by  spreading  it  over  wire 
frames  by  rollers.  They  both  dissolve  in  cold  sulphuric  acid 
into  dextrine,  and  they  both  yield  a  detonating  compound  with 
nitric  acid,  called  gun  cotton. 

Gun  Cotton,  Nitric  Cellulose,  Pyroxyline. — When  cotton  or 
linen  is  immersed  in  a  mixture  of  equal  parts  of  concentrated 
nitric  and  sulphuric  acids,  their  texture  is  scarcely  affected,  but 
they  combine  with  two  atoms  of  nitric  acid,  and  when  carefully 
washed  and  dried  at  a  low  heat  (130°  F.),  become  more  explo- 
sive than  gunpowder.  It  may  be  exploded  by  heat  at  about 
200°  F.,  and  by  the  blow  of  a  hammer.  This  body  was  intro- 
duced by  Professor  Schonbein  as  a  substitute  for  gunpowder,  but 
it  is  too  dangerous  to  be  much  employed. 

The  Pseudo-organic  Bodies  derived  from  the  Jimylum  Series. 
— The  foregoing  bodies  of  the  starch  group  are  readily  changed 
into  pseudo-organic  substances,  but  with  unequal  facility.  The 
long-continued  action  of  the  alkalies  and  alkaline  ea:  s  causes 
several  to  become  altered  into  acids,  as  in  the  product,  h  of  the 
glucic  and  melasinic  acids  from  glucose.  Sulphuric  id  more 
completely  disorganizes  many  of  the  series,  but  its  compounds 
are  not  of  great  interest. 

It  is  to  the  action  of  oxydation  that  we  are  indebted  for  most  of 
these  changes.  This  may  be  rapid  and  complete,  as  when  nitric 
acid  is  made  to  act  upon  starch,  sugar,  &c,  or  it  may  be  slow,  as 
in  the  production  of  acetic  acid  from  alcohol ;  in  this  instance,  it 
is  termed  eremacausis,  or  slow  combustion. 

Fermentation  and  catalytic  action  are  other  important  means  of 
change.  This  kind  of  action  is  most  influential  on  solutions  of 
glucose;  but  starch,  lactine  and  other  bodies  are  influenced  by  it, 
and  highly  important  bodies  result  from  its  action,  as  alcohol, 
ether,  lactic,  acetic  and  butyric  acids. 

We  shall  in  the  following  pages  confine  ourselves  to  the  above 
sources  of  change,  and  adduce  the   principal  products  of  their 

action. 

21* 
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THE  ACTION  OF  DIRECT  OXYDATION  ON  THE  AMYLUM  SERIES. 

All  the  principal  bodies  of  this  series  except  some  of  the  gums 
and  lactine,  are  converted  into  oxalic  acid  by  the  action  of  nitric 
acid.  Gum  and  sugar  of  milk  yield  mucic  acid  by  the  same  agent. 
The  strength  of  the  acid  also  influences  the  process,  for  the  sac- 
charic or  oxalhydric  acid  is  produced  when  dilute  nitric  acid  acts 
on  sugar. 

Oxalic  Acid. — Formula  of  the  true  acid  HO+C203  of  the 
crystallized  acid  HO-f  C„03+2Aq.  To  prepare  this  body  take 
one  part  of  sugar,  five  of  nitric  acid  of  sp.  gr.  1.42,  diluted  with 
twice  its  weight  of  water,  place  in  a  retort  and  warm  gently. 
Much  effervescence  occurs  with  the  evolution  of  red  fumes, 
which  indicate  the  decomposition  of  the  acid  and  oxydation  of  the 
sugar.  When  the  action  slackens,  heat  is  again  applied,  and  the 
superfluous  acid  is  distilled  off",  until  the  liquid  of  the  retort  de- 
posits crystals  on  cooling.  These  are  drained,  redissolved  in  a 
little  hot  water,  and  set  aside  to  crystallize. 

The  explanation  of  the  changes  is  sufficiently  simple. 

1  atom  of  cane  sugar         -         -         -  =CiaH11011 
6  atoms  of  theoretical  nitric  acid  (N06)=  O30Ng 


Mixture  in  the  retort  without  the  water=CuHu041N6 
This  is  resolved  into 

G  atoms  of  oxalic  acid  (C203.HO)     -    =Ci;lH6  024 
6  atoms  of  binoxide  of  njirogen(N02)  =  OiaNg 

5  atoms  of  water       -         -         -         -  =      H-  0, 


C„Hn04IN6 

So  that  one  atom  of  sugar,  deriving  eighteen  atoms  of  oxygen 
from  the  decomposition  of  the  nitric  acid,  yields  six  atoms  of 
oxalic  acid.  But  in  practice  the  changes  are  not  so  simple,  for 
some  further  decompositions  occur. 

Oxalic  acid  is  white,  intensely  sour,  more  soluble  in  hot 
than  cold  water,  and  is  usually  found  crystallized  in  oblique 
rhombic  crystals.  These  are  at  a  gentle  heat  deprived  of  their 
two  atoms  of  water  of  crystallization,  and  then  form  a  white 
powder  which  may  be  sublimed  ;  but  if  the  ordinary  acid  be 
strongly  heated,  it  is  decomposed  into  formic  acid,  carbonic  acid 
and  carbonic  oxide  without  solid  residue.  It  is  a  powerful  acid, 
the  basic  HO  being  replaced  by  most  metallic  oxides. 

It  is  an  active  poison,  and  is  occasionally  taken  by  mistake  for 
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Epsom  salts,  and  being  abundantly  used  in  the  arts  for  cleaning 
metals,  it  may  be  procured  for  felonious  purposes  with  facility. 
In  large  doses,  it  acts  as  a  corrosive  poison,  disorganizing  the 
stomach,  but  when  dilute,  it  diminishes  the  heart's  action,  and 
acts  also  on  the  nervous  centres.  The  antidote,  which  is  to  be 
at  once  employed,  without  recourse  to  emetics  or  the  stomach 
pump,  is  pounded  chalk  mixed  up  with  water.  This  forms  the 
inert  oxalate  of  lime.  The  inflammation  of  the  stomach  and 
other  symptoms  are  to  be  met  by  the  ordinary  remedial  means, 
care  being  taken  not  to  increase  by  active  depletion,  the  debility 
of  the  system  too  much. 

Oxalic  acid  is  not  now  used  in  medicine ;  but  in  dilute  doses  it 
is  refrigerant,  and  an  arterial  sedative;  its  taste  is  intensely 
sour,  and  it  has,  therefore,  to  be  mixed  with  a  good  deal  of  water. 

It  is  readily  recognized  in  solution  or  in  its  soluble  salts  by 
producing  a  white  precipitate  with  lime  water,  and  it  is  employed 
for  detecting  this  base  in  the  laboratory.  The  precipitate  of 
oxalate  of  lime  is  soluble  in  nitric  acid.  When  heated  in  the 
open  air,  it  turns  black,  and  is  converted  into  carbonate  of  lime,  or, 
at  a  higher  temperature  in  a  closed  vessel,  into  caustic  lime.  The 
acid  is  also  decomposed  by  heat.  Warmed  with  strong  sulphuric 
acid,  it  becomes  resolved  into  water,  carbonic  acid  and  carbonic 
oxide. 

Compounds. — The  oxalates  of  potash,  especially  the  binoxa- 
late,  occur  in  many  plants,  as  the  sorrel  and  docks.  The  quadrox- 
alate,  which  is  very  sour,  is  sometimes  employed  to  remove  ink 
stains.  The  oxalate  of  ammonia  is  found  in  some  organic  sub- 
stances which  are  undergoing  decay,  as  guano,  and  employed  in 
solution  as  a  test  of  lime.  It  is  a  crystalline  body  of  some 
solubility,  and  remarkable  for  the  production  of  oxamide  when 
heated.  The  salt  of  ammonia  yields  several  gaseous  bodies,  and 
finally  a  dense  white  smoke,  which  may  be  sublimed,  and  is  the 
oxamide.  This  contains  the  elements  of  amidogene  with  two 
equivalents  of  carbonic  oxide,  or  HaN-j-2(CO),  and  represents  a 
small  class  of  bodies  containing  amidogene. 

The  Oxalate  of  Lime. — This  salt  has  the  composition  CaO, 
C203  +  2HO,  and  it  is  formed  whenever  oxalic  acid  acts  on  a 
solution  of  lime.  It  exists  in  many  lichens  and  plants,  as  the 
rhubarb;  and  forms  one  variety  of  urinary  calculus,  the  mulberry 
calculus.  It  is  insoluble  in  water,  but  dissolves  in  nitric  acid, 
and  is  decomposed  by  heat,  being  converted  first  into  the  carbonate 
of  lime,  and  subsequently  into  caustic  lime  in  a  closed  vessel. 
By  this  means  the  mulberry  calculus  is  readily  distinguished  as 
well  as  by  its  rough  reddish-brown  color. 

Numerous  other  oxalates  have  been  formed,  but  they  have 
been  put  to  no  use. 
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Saccharic  Acid — Oxalhydric  Acid,  C1,H50ll-f5(HO). — This 
is  formed  by  the  action  of  dilute  nitric  acid  on  sugar.  It  is 
crystalline,  very  soluble,  sour,  and  forms  soluble  salts  with  lime 
and  baryta,  and  an  insoluble  salt  with  lead.  When  mixed  with 
solution  of  nitrate  of  silver,  it  yields  no  precipitate,  but  on  adding 
ammonia,  a  white  body  falls,  which  is  decomposed  by  gently 
warming  the  vessel,  and  metallic  silver  is  precipitated,  which, 
adhering  to  the  glass,  gives  it  a  bright  mirror-like  appearance. 
This  acid  is  pentabasic,  but  its  compounds  are  scarcely  known. 

Mucic  Acid;  C,2H80)4-f-2(HO). — This  acid  is  procured  by 
heating  gum  or  sugar  of  milk  with  pretty  strong  nitric  acid. 
It  is  bibasic,  a  white,  sparingly  soluble  body  of  a  slightly  sour 
taste ;  its  salts  are  little  known.  By  heat  it  is  converted  into  the 
volatile  Pyromucic  acid. 

Other  Bodies. — The  Suberic  acid,  obtained  by  the  action  of 
nitric  acid  on  the  ligneous  matter  of  cork,  is  very  similar  to  the 
mucic,  but  more  soluble;  its  formula  is  C8H603-{-HO.  Xyloidine 
(C6H404,N05)  is  produced  by  the  action  of  nitric  acid  sp.  gr.  1.5 
on  starch,  which  yields  a  gelatinous  body  that  forms  with  water 
a  white  insoluble  substance.  Paper  dipped  for  a  moment  into 
the  acid,  and  afterwards  washed  in  water,  assumes  a  parchment- 
like appearance  and  great  inflammability.  This  is  another  form 
of  xyloidine.  The  gun  cotton  is  a  direct  compound  of  cellulose 
with  nitric  acid,  and  has  been  already  described  in  the  article  on 
Cellulose. 

OF  FERMENTATION. 

The  word  fermentation  was  originally  employed  to  indicate  the 
movement  taking  place  in  wort,  when  subject  to  the  action  of 
leaven  or  yeast,  but  has  been  greatly  extended  in  its  meaning, 
and  now  includes  several  cases  of  decomposition  or  change  of  a 
catalytic  nature,  taking  place  in  the  bodies  of  the  amylum  series, 
and  especially  in  glucose,  and  under  the  influence  of  a  ferment. 
The  ferment  consists  in  every  case  of  a  proteinous  body,  which  is 
in  the  state  of  incipient  decay,  probably  suffering  oxydation  by  the 
access  of  atmospheric  air. 

Temperature  has  great  influence  over  this  process;  thus  it  will 
scarcely  occur  at  40°  F.,  and  the  resulting  body  depends  consider- 
ably on  the  degree  of  heat  maintained  during  the  action;  thus  at 
50°  caseine  in  milk  produces  lactic  acid  by  fermentation,  but  at  80° 
it  engenders  alcohol,  and  if  carbonate  of  lime  be  present,  a  third 
substance  called  butyric  acid  is  formed. 

The  degree  of  decomposition  of  the  ferment  is  another  important 
cause  of  change  in  the  product ;  thus  oxydized  albumen,  acting  as 
a  ferment,  converts  starch  into  sugar,  and  produces  the  organic 
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action  by  which  cellulose  is  formed;  when  further  changed,  it 
converts  this  sugar  (glucose)  into  lactic  acid,  and  still  changing 
further,  at  length  produces  alcohol  from  the  sugar.  Thus  three 
or  four  products  arise  from  the  action  of  the  same  ferment,  which 
is,  however,  itself  undergoing  change,  and  may  be  regarded  not  as 
one,  but  as  many  ferments.  That  it  is  the  ferment  which  con- 
tinues the  action,  appears  from  the  fact  that  a  given  amount  of  fer- 
ment will  only  produce  a  determined  change  in  sugar  or  other 
bodies  ;  but  it  has  the  capacity  of  affecting  a  large  amount.  Thus 
one  part  of  diastase,  which  is  a  peculiar  ferment  produced  in  the 
germination  of  seeds  and  growth  of  buds,  is  capable  of  converting 
2000  parts  of  starch  into  sugar. 

In  some  kinds  of  fermentation,  as  in  the  brewing  of  beer,  fresh 
portions  of  ferment  are  formed  out  of  proteine  bodies  present  in 
the  wort,  so  that  a  double  action  occurs  ;  the  sugar  is  changed  into 
alcohol,  carbonic  acid  and  water,  by  one  atom  of  yeast,  but  the 
albumen  present  in  the  wort  is  also  changed,  and  forms  a  new  pro- 
portion of  ferment.  But  nothing  of  the  kind  occurs  if  we  add  a 
given  weight  of  yeast  to  a  pure  solution  of  sugar;  in  this  case, 
there  being  no  albumen  to  become  changed,  the  first  yeast  passes 
through  a  series  of  changes,  and  is  finally  destroyed,  disappearing 
from  the  fluid  and  only  affecting  a  determinate  amount  of  sac- 
charine matter. 

This  distinction  is  important,  for  it  furnishes  us  with  an  explana- 
tion of  the  different  results  which  attend  the  action  of  the  same  fer- 
menton  different  solutions,  and  it  has  also  been  employed  byLiebig 
in  his  theory  of  the  action  of  certain  contagious  poisons.  His  views 
are  plausible,  and  worthy  of  some  attention  on  the  part  of  the  pro- 
fession. Among  the  contagious  poisons  adduced,  are  the  small-pox, 
vaccinia,  plague,  framboesia,  syphilis,  dissection  virus,  measles, 
scarlet  fever,  the  froth  of  the  mad  dog,  &c.  In  all  these  cases,  some- 
thing called  the  virus  (ferment)  is  made  to  act  on  the  body ;  it  may 
be  inhaled  by  the  air,  or  immediate  contact  of  the  ferment  may  be 
necessary.  This  finding  its  way  into  the  system,  produces  changes 
similar  to  those  hereafter  to  be  described,  and  is  also  attended  by 
the  production  of  further  amounts  of  the  virus,  which  is  formed 
like  new  yeast  in  wort,  in  consequence  of  the  presence  of  some 
suitable  proteinous  body.  This  new  ferment  (virus)  may  be  used 
in  several  of  the  above  cases  to  reproduce  the  disease  in  other 
persons.  Another  peculiarity  exists  with  respect  to  the  action  of 
some  of  the  above  poisons — they  act  on  the  body,  in  most  cases 
only  once,  as  in  small-pox,  vaccinia,  scarlet  fever,  measles.  In 
these,  Liebig  "supposes  that  the  matter  susceptible  of  change  is 
destroyed  in°the  body  on  the  first  attack,  and  not  again  engen- 
dered. But  these  are  rare  in  comparison  with  those  cases  in 
which  the  ferment  acts  every  time  it  is  introduced  into  the  body, 
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as  in  syphilis,  plague,  the  dissection  virus.  Here  there  is  not  a 
peculiar  body  influenced,  but  the  ordinary  principles  of  the  sys- 
tem. Again,  there  is  a  class  of  diseases  which  originate  in  the 
action  of  a  ferment  (virus),  but  which  do  not  reproduce  it — such 
are  bilious  remittent,  intermittent  fevers  and  similar  endemics. 

It  has  long  been  an  interesting  question  to  discover  the  method 
in  which  the  ferments  act.  They  obviously  do  not  act  by  any 
direct  affinity,  for  the  yeast  added  to  a  solution  of  sugar,  neither 
unites  with  it  nor  with  the  alcohol  produced.  If  we  investigate 
the  matter  more  closely,  we  find  that  the  yeast  forms  no  chemical 
union  whatever  with  the  products  of  decomposition;  that  it  has 
no  affinity  to  satisfy,  and  is  itself  undergoing  decay.  Berzelius 
includes  the  action  of  fermentation  among  the  cases  of  catalysis,  in 
which  the  result  produced  differs  from  those  of  common  chemical 
affinity,  and  in  which  the  active  agent  either  remains  unaffected, 
acting  by  its  presence,  or  does  not  enter  into  union  with  the  pro- 
ducts. 

To  this  kind  of  action  are  also  referred  the  cases  where 
dilute  sulphuric  acid  acting  on  a  solution  of  starch,  converts  it 
into  glucose  without  being  affected  itself,  and  numerous  qhanges 
induced  by  spongy  platinum,  platinum  black,  and  other  porous 
media  on  compound  bodies.  Many  of  these  cases  offer  merely 
illustrations  of  the  fact  that,  when  gaseous  bodies  are  present- 
ed to  one  another,  or  to  liquids  in  a  very  condensed  state,  union 
occurs,  the  platinum,  &c,  acting  physically  or  by  capillary  at- 
traction to  condense.  Thus,  oxygen  and  hyrogen  are  made  to 
unite  by  spongy  platinum,  because  this  substance  condenses  them 
so  powerfully  that  they  are  presented  to  one  another  in  such  a  form 
that  the  resistance  offered  to  their  union  by  elasticity  is  overcome. 
So  platinum  black,  by  condensing  the  oxygen  of  the  air,  and 
bringing  it  in  contact  with  the  vapor  of  alcohol,  oxydizes  that  body, 
converting  it  into  acetic  acid  and  water.  In  some  cases  of  cata- 
lytic action,  the  mere  act  of  condensation  may  be  sufficient  to  pro- 
duce chemical  change,  but  this  does  not  occur  in  many  instances, 
and  it  is  also  to  be  remembered  that  the  fact  of  such  powerful 
condensation  argues  the  presence  of  a  considerable  force. 

Another  view  of  the  action  of  fermentation,  which  also  includes 
other  cases  of  catalysis,  is  to  the  effect  that  the  ferment  or  other 
active  body  disturbs  the  electrical  equilibrium  of  the  bodies  pre- 
sent, or  polarizes  their  particles,  and  thus  sets  up  new  chemical 
actions.  We  know  that  union  between  atoms  is  effected  by  the 
electrical  force,  and  that  decomposition  results  whenever  a  new 
electrical  state  is  produced  ;  and  it  may  be  urged  in  favor  of  this 
view,  that  the  action  of  fermentation  is  capable  of  producing 
changes  out  of  the  fluid  in  which  it  is  occurring,  which  are 
analogous  to  those  of  electricity — thus  it  will  cause  a  mixture  of 
oxygen  and  hydrogen  to  unite, "and  other  similar  effects. 
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Liebig  is  the  author  of  a  third  hypothesis,  to  the  effect  that  the 
ferment  being  in  a  state  of  decay,  molecular  movements  are  trans- 
piring in  its  substance,  which  are  communicated  to  circumjacent 
bodies  of  an  instable  composition.  In  this  view  of  the  case,  the 
cause  and  effect  are  molecular  movements,  and  the  action  of  fer- 
mentation is  separated  from  catalytic  actions  generally.  Prof. 
Hare  objects  to  this  doctrine,  on  the  ground  that  it  is  incredible 
that  one  molecule  of  diastase  undergoing  a  slight  movement 
should  impart  a  similar  motion  to  two  thousand  of  starch  without 
being  at  all  checked  itself. 

It  may  be  well  to  observe  that  the  theory  which  attributes  the 
effects  of  fermentation  and  catalytic  actions  generally  to  the  influ- 
ence of  electrical  disturbance,  is  that  most  consonant  with  the 
present  views  of  chemists. 

The  results  of  fermentation  are  very  different.  When  the 
ferment  is  but  slightly  changed,  as  in  the  case  of  diastase,  the 
pepsin  of  gastric  juice,  the  ptyalin  of  saliva,  it  produces  little 
more  than  a  new  grouping  of  the  atoms.  Thus  diastase  converts 
starch  into  glucose  and  cellulose,  which  scarcely  differ  in  composi- 
tion. So  ptyalin  converts  sugar  into  lactic  acid  which  is  isomeric. 
Pepsin  renders  insoluble  albumen,  and  fibrine  soluble.  These 
are  all  cases  of  change  in  grouping; — there  is  nothing  evolved. 

But  the  action  of  yeast  is  widely  different,  for  it  changes  the 
sugar  of  the  wort  into  alcohol,  water  and  carbonic  acid,  which 
are  substances  in  no  way  similar  to  the  sugar.  Hence,  the  same 
proteine  body,  in  different  stages  of  decay,  constitutes  different 
ferments,  and  as  it  departs  more  and  more  widely  from  the  consti- 
tution of  proteine,  the  more  power  has  it  to  decompose  the  fer- 
mentable matters  on  which  it  acts.  The  tendency  of  fermenta- 
tion is,  moreover,  similar  to  that  of  all  other  actions  on  organic 
bodies — to  reduce  them  to  the  inorganic  state,  the  final  products 
being  water,  carbonic  acid,  ammonia  and  cyanogen.  But  it  does 
not  act  so  rapidly  as  heat  or  nitric  acid,  and  produces  a  great 
number  of  intervening  changes. 

Any  substances  which  have  the  power  of  hindering  the  decay 
of  tne  ferment,  as  metallic  salts,  many  spices,  alcohol  and  similar 
bodies,  also  stop  fermentation.  These  are  termed  antiseptics,  and 
the  chief  are  corrosive  sublimate,  creosote,  pyroxalic  spirit,  sul- 
phate of  copper.  Salt  and  other  bodies  act  by  removing  the  water 
from  the  compound.  Heat  and  cold  are  also  antiseptics;  the  first 
acts  by  evaporating  the  water  and  hindering  that  freedom  of  motion 
which  is  essential  to  chemical  change — whilst  cold,  by  solidifying 
the  water,  accomplishes  the  same  end.  The  absence  of  oxygen, 
by  which  the  proteine  body  is  first  changed,  also  renders  fermen- 
tation impossible. 

From  the  foregoing,  the  student  will  be  prepared  to  understand 
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that  there  are  many  kinds  of  fermentation,  or  catalytic  action,  pro- 
duced by  the  presence  of  a  ferment.     The  chief  of  these  are : 

1.  The  organic  fermentation. 

2.  The  germinative  fermentation. 

3.  The  viscous  fermentation. 

4.  The  lactic  acid  fermentation. 

5.  The  butyric  acid  fermentaiion. 

6.  The  vinous  fermentation. 

1.  The  Organic  Fermentation. — We  propose  this  name  for 
that  kind  of  change  which  occurs  in  the  solutions  of  the  organic 
acids  and  their  salts,  in  mucilage  of  gum,  or  paste  and  other 
oro-anic  bodies  in  contact  with  a  moderate  amount  of  water.     For 

o 

its  manifestation,  a  temperature  from  50°  to  80°  appears  to  be  most 
suitable ;  and,  as  in  all  other  cases,  the  presence  of  a  ferment  con- 
taining azote  but  in  the  first  degree  of  change.  Oxygen  is  also 
necessary  to  its  commencement,  but  the  quantity  may  be  ex- 
tremely small.  The  chief  product  of  this  action  is  cellulose, 
which  will  be  found  in  cells  aggregated  together  in  various  ways, 
forming  threads  in  the  saccharomyces  or  torulae,  and  fleecy  masses 
in  the  mycoderms,  of  which  the  mother  of  vinegar  is  an  instance. 
The  varieties  of  mildew  and  mould  belong  to  this  class  of  organ- 
ized products,  the  existence  of  which  is  dependent  on  the  first 
step  of  decomposition  in  the  amylum  or  proteine  series.  Mulder 
has  determined  that  yeast  consists  of  an  organized  body,  the  cells 
of  which  contain  an  oxide  of  proteine,  which  continually  under- 
goes change  and  escapes  from  the  enclosure. 

In  every  case  of  organic  fermentation,  azotized  matter  is  pre- 
sent, for  if  we  make  a  solution  of  an  organic  salt  in  fresh  distilled 
water,  taking  every  precaution  that  no  nitrogen  be  present,  there 
will  appear  no  mould  or  mycoderm.  Nearly  any  azotized  body 
will  serve  to  originate  this  change;  fibres  of  silk  will  do  so,  and 
other  bodies  which  appear  to  be  little  acted  on  themselves. 

It  is  probable  that  the  action  under  consideration  is  the  cause  of 
cell  development  in  all  cases;  for  why  should  the  dextrine  of  the 
plant  or  the  albumen  of  the  blood  assume  the  configuration  of 
cells?  There  must  be  for  this  effect  some  competent  cause,  and 
we  can  conceive  of  none  so  probable  as  that  under  consideration. 
According  to  this  view,  when  albumen  assumes  the  cellular 
figure,  as  it  does  in  yeast  and  the  bodies  of  animals,  there  are 
certain  conditions  of  moisture,  temperature  and  oxygen  present 
constraining  it;  otherwise  it  would  remain  inorganized — there  is 
a  change  of  grouping  perfectly  analogous  to  that  of  starch  into 
sugar,  or  starch  into  dextrine. 

Whilst  the  organic  fermentation  appears  to  act  by  re-arranging 
the  molecules  of  organic  matter,  and  forming  similar  or  isomeric 
compounds,  it  does  not  seem  to  be  so  restricted  in  its  action  as 
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many  other  kinds  of  fermentation.  In  nearly  every  case,  par- 
ticularly in  the  germinative,  viscous  and  vinous  fermentations, 
there  are  produced  organized  bodies  ;  these  it  is  presumed  re- 
sult from  the  first  action  of  the  ferment,  or  express  the  first 
alteration  in  the  ferment  itself.  As  the  vinous  fermentation  comes 
to  an  end,  the  torulx  become  shrivelled  and  finally  subside  in 
the  liquid. 

TorulaB,the  doubtful  objects  called  vibriones,  and  a  genus 
called  sarcinia,  have  been  found  in  the  diseased  gastric  juice  and 
mine  of  man.  The  first  two  of  these  consist  of  cellules,  arranged 
linearly,  the  last  of  four  cuboidal  cells  arranged  together. 

From  what  has  been  said,  it  will  be  understood  that  these 
organized  products  may  be  more  or  less  permanent  or  extremely 
transient.  When  the  ferment  is  in  minute  amount  and  the  action 
on  an  organic  salt,  as  citrate  or  tartrate  of  potash  in  solution,  the 
cellular  product  remains  unchanged  for  months ;  but  in  other  cases, 
as  in  the  vinous  fermentation,  this  is  a  stage  in  the  changes  and 
not  a  final  result. 

2.  The  Germinative  Fermentation.  Germination. — The 
changes  which  occur  in  the  seed  under  the  influence  of  warmth, 
moisture  and  oxygen,  constitute  a  true  fermentation,  not  peculiar 
to  the  seed  but  of  common  occurrence.  It  takes  place  in  what 
has  been  called  the  panary  fermentation,  and  according  to  Bou- 
chardat,  occurs  in  the  stomachs  of  dyspeptics  and  those  laboring 
under  diabetes  mellitus.  It  is  characterized  by  the  production  of 
glucose  and  cellulose  from  starch,  or,  in  other  words,  in  germina- 
tion there  are  two  actions  of  fermentation,  the  one  producing  the 
conversion  of  starch,  and  the  other  being  analogous  to  the  organic 
fermentation. 

The  temperature  most  congenial,  ranges  between  60°  and 
100°  F.,  the  presence  of  oxygen  is  indispensable,  and  water 
must  be  supplied  in  moderate  quantities.  The  chemical  phe- 
nomena are  the  absorption  of  oxygen  and  water  by  the  seed  or 
fermenting  body,  the  evolution  of  carbonic  acid  and  heat,  and 
the  production  of  sugar  (glucose),  cellulose,  and  a  particular  fer- 
ment termed  diastase.  The  seed,  it  will  be  remembered,  contains 
starch  and  albumen,  from  which  latter  the  diastase  is  produced 
by  the  action  of  oxygen.  A  reference  to  the  bodies  of  the  amylum 
series  shows  that  the  action  of  the  ferment  is  little  more  than  to 
form  a  new  grouping  of  the  atoms  of  starch. 

The  malting  of  barley  offers  an  illustration  of  the  germinative 
fermentation  on  a  large  scale.  The  seed  becomes  sweet  thereby, 
and  throws  out  a  leaf  formed  of  the  cellulose  engendered  by  the 
ferment,  and  it  contains  diastase  which  may  be  separated  in  an 
impure  state.  It  is  a  white  soluble  body,  resembling  the  gluten 
22 
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of  flour.  It  is  capable  in  the  separate  state  of  acting  on  a  solution 
of  starch,  and  converts  it  into  dextrine  and  glucose,  so  that  it  is 
an  independent  ferment.  It  is  not,  however,  a  fixed  body  when 
moisture  is  present,  for  if  malted  barley  be  not  dried  at  a  con- 
siderable temperature,  the  diastase  undergoing  further  change  con- 
verts the  sugar  into  lactic  acid,  or  it  becomes  a  lactic  acid  fer- 
ment. 

Diastase  not  only  causes  germination  in  seeds,  but  it  also  de- 
termines the  growth  of  buds,  and  probably  all  growth  in  the 
vegetable  kingdom.  According  to  Payen  and  Persoz,  it  is  found 
deposited  about  the  eyes  of  the  potato  when  the  tuber  is  begin- 
ning to  germinate. 

Mialhe  has  found  a  ferment  having  the  characters  of  diastase  in 
the  saliva,  being  the  white  substance  precipitable  by  alcohol  and 
formerly  called  ptyalin.  It  is  an  oxydized  proteinous  body,  and  has 
the  property  of  converting  a  solution  of  starch  into  glucose.  He 
calls  it  diastase.  Leuchs  had  previously  observed  that  saliva  has 
the  property  of  converting  starch  into  sugar.  There  is  but  T2oths 
per  cent,  of  diastase  in  saliva,  but  it  will  be  remembered  that  this 
ferment  is  extremely  active,  one  part  changing  two  thousand  of 
starch. 

Bouchardat  announces  the  existence  of  diastase  in  the  stomach 
in  diabetes,  and  infers  that  the  sugar  (glucose)  of  the  urine  and 
blood  in  that  disease  arises  from  its  action  on  the  starch  of  the 
food.  Hence  abstinence  from  amylaceous  substances  constitutes 
a  principal  feature  of  the  treatment,  and  has  been  found  to  answer 
well.  But  Barreswil  has  found  that  the  property  of  converting 
starch  is  also  possessed  by  the  pancreatic  secretion  and  the  gas- 
tric juice,  and  that  in  all  these  cases  the  effect  only  takes  place 
when  the  ferments  are  in  contact  with  alkaline  matters,  or  pos- 
sess an  alkaline  reaction  in  consequence  of  the  presence  of  the 
tribasic  phosphate  of  soda  (Na,P06,2NaO) ;  for  if  either  the  saliva, 
gastric  juice  or  pancreatic  secretion  be  acidulated,  they  lose  this 
properly  but  become  solvents  of  albumen  and  fibrine.  This  view 
of  the  case  awakens  a  suspicion  that  pepsin  or  the  ferment  of  the 
gastric  juice  is  also  diastase,  or  a  proteinous  body  of  a  very  analo- 
gous character.  For  the  further  consideration  of  this  subject,  the 
student  is  referred  to  the  article  on  digestion. 

3.  The  Viscous  Fermentation. — Vegetable  juices,  as  that  of 
the  beet,  which  contain  much  sugar  when  kept  at  the  temperature 
of  86°  to  104°  F.,  undergo  fermentation  from  the  changes  oc- 
curring in  the  albumen  they  contain.  But  under  the  circum- 
stances prescribed,  there  is  formed  mannite,  lactic  acid,  and  a 
viscid  body  said  to  be  identical  with  gum  arabic,  whilst  a  little  car- 
bonic acid  and  hydrogen  are  evolved.  There  is  no  alcohol  pro- 
duced, and  from  the  thickening  of  the  fluid,  this  is  distinguished 
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by  the  name  of  the  viscous  fermentation.  It  can  be  established 
in  a  solution  of  pure  sugar  by  the  action  of  a  ferment  prepared 
by  boiling  yeast  in  water,  filtering  and  using  the  fluid  portion. 

The  changes  here  are  those  attributable  to  a  new  order  of  group- 
ing chiefly,  for  the  gum  produced  belongs  to  the  amylum  series. 
The  mannite  is  a  variety  of  sugar,  and  the  lactic  acid  is  isomeric 
with  milk  sugar.  Thus  one  atom  of  sugar,  by  the  viscous  fer- 
mentation, is  split  up  into 

1  atom  of  lactic  acid=C6H606 

1  atom  of  mannite    =C,H„0, 


C,H19Oia. 


The  sum  represents  an  atom  of  glucose,  minus  one  atom  of  water, 
and  one  of  oxygen.  There  are  various  other  means  of  originating 
the  viscous  fermentation,  as  by  animal  membranes.  The  changes 
in  the  preparation  of  sauerkraut  also  belong  to  this  species  of 
fermentation.  In  some  portions  of  France  they  prepare  hay  by 
a  similar  process. 

4.  Lactic  Acid  Fermentation. — In  the  preceding  case  lactic 
acid  is  formed,  but  in  many  instances  it  is  generated  as  the  sole 
or  principal  product  of  fermentation  ;  this  is  especially  true  in  the 
souring  of  milk  at  moderate  temperatures  (50°  to  70°  F.).  In  this 
change,  the  proteine  body  of  milk  (caserne)  first  undergoes  a  slight 
decomposition,  which  may  be  detected  by  the  altered  taste,  and 
acting  as  a  ferment,  splits  up  the  atom  of  lactine  into  two  of  acid, 
C12H°20I2,  becoming  2(C6H6OJ,  so  that  this  is  another  case  of  the 
re-arrangement  of  the  molecules  of  the  sugar  present. 

This  result  is  also  brought  about  in  milk  by  animal  matters,  the 
stomach,  or  any  portion  of  the  mucous  membrane  of  the  calf,  dog, 
pig,  &c,  steeped  in  water  for  several  days,  changes  not  only  milk 
but  solutions  of  sugar  and  starch.  A  solution  made  from  the  salted 
and  dried  mucous  membrane  of  the  calf,  called  rennet,  effects  the 
same  result.  Diastase  kept  moist  for  several  days,  becoming 
changed  into  a  new  ferment,  also  brings  about  the  lactic  ferment- 
ation. . 

This  is  a  very  important  change,  inasmuch  as  lactic  acid  is 
found  in  nearly  every  part  of  the  bodies  of  animals,  and  food 
containing  it  already  formed,  appears  to  be  easy  of  digestion, 
hiahly  nutritious,  and  especially  serviceable  in  the  fattening  of 
animals.  To  this  end  it  is  the  custom  of  some  farmers  to  feed 
hoas  and  oxen  with  a  slightly  acid  mash,  which  is  found  to  con- 

tain  this  acid. 

The  action  of  the  mucous  lining  of  the  stomach  on  starchy 
matters,  indicates  that  lactic  acid  is  produced  in  digestion,  and  that 
the  lactic  fermentation  forms  a  stage  in  that  important  process. 
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This  acid  has  been  found  in  the  stomach,  perspired  fluid,  the 
muscular  juice,  the  urine,  and  in  most  parts  of  the  body. 

Lactic  acid  may  be  obtained  for  examination  and  pharmaceu- 
tical purposes,  by  adding  sugar  of  milk  to  sour  milk,  and  allowing 
the  lactic  fermentation  to  proceed,  occasionally  neutralizing  the 
acid  formed  by  carbonate  of  soda.  When  the  transformation  is 
supposed  to  be  complete,  the  mixture  is  boiled  to  coagulate  the 
caseine  and  then  filtered ;  the  filtrate  being  evaporated  at  a  low 
heat  to  the  consistence  of  a  syrup,  alcohol  at  100°  F.  is  next 
digested  on  this,  and  dissolves  out  the  lactate  of  soda.  This 
alcoholic  solution  is  next  decomposed  by  sulphuric  acid,  the  sul- 
phate of  soda  falls,  and  there  remains  lactic  acid  dissolved  in  the 
alcohol. 

Concentrated  by  cautious  evaporation,  it  forms  a  thick  colorless 
fluid,  sp.  gr.  1.215,  without  smell,  and  intensely  sour.  It  is  very 
soluble  in  water,  and  alcohol,  and  is  a  strong  acid,  uniting  with 
most  basic  oxides  to  form  lactates.  It  is  monobasic,  its  formula 
being  HO,C6H505,  the  HO  being  replaced  by  oxides.  The  acid 
is  pretty  permanent,  non-volatile,  but  it  is  decomposed  at  a  tem- 
perature of  482°  F.,  being  resolved  into  a  crystalline  body,  having 
the  formula  C6H404,  with  acid  properties,  and  into  water  and  other 
substances.  At  a  red  heat  the  lactates  are  converted  into  car- 
bonates. 

The  lactates  of  potash  and  soda  are  deliquescent.  The  lactate 
of  lime  is  insoluble,  and  found  in  nux  vomica.  The  lactate  of 
protoxide  of  iron  is  a  mild  chalybeate,  recently  introduced  into 
medicine.  Lactic  acid  itself,  in  the  dilute  state,  has  been  recom- 
mended in  atonic  dyspepsia,  at  meals,  as  a  promoter  of  digestion 
and  as  a  tonic. 

5.  The  Butyric  Acid  Fermentation. — This  is  one  of  the 
most  interesting  of  the  changes  produced  by  ferments,  because,  in 
it,  an  oil  is  generated  from  sugar  and  bodies  of  the  amylum  series, 
and  thus  great  light  is  thrown  on  the  digestion  of  this  kind  of  food. 
It  has  been  decided  by  the  experiments  of  Liebig,  Dumas,  Bous- 
saingault,  Edwards,  and  Payen,  that  amylaceous  matters  become 
converted  into  fats  during  digestion ;  but  the  process  was  utterly 
unintelligible  until  the  discovery  of  the  butyric  acid  fermentation 
by  M.  Pelouze. 

It  is  effected  by  exposing  the  washed  curd  of  milk  (caseine) 
to  a  strong  solution  of  sugar,  mixed  with  chalk,  at  80°  F.  The 
caseine  becomes  a  ferment  by  decay,  producing  the  character- 
istic changes  of  a  viscous  and  lactic  acid  ferment,  and  finally  ge- 
nerates butyric  acid,  which,  uniting  with  the  lime  of  the  chalk, 
forms  butyrate  of  lime — hydrogen  and  carbonic  acid  gases  are 
also  liberated.  An  atom  of  glucose  by  this  fermentation  yields  an 
atom  of  butyric  acid,  4  of  carbonic  acid,  2  of  water,  and  6  of  hydro- 
gen, or : 
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1  atom  of  glucose      ....  C,2  Hl4  0,, 

yields  

1  atom  of  butyric  acid                -         .  C8   H8    04 
4  atoms  of  carbonic  acid  C4  08 

2  atoms  of  water       ....  JJ     Q 
4  atoms  of  hydrogen       ...  H 


C12H140li 

Butyric  acid  is  found  in  butter,  being  the  acid  of  the  flavoring 
substance  called  butyrin,  which  is  butyrate  of  oxide  of  lipyle.  It 
has  also  been  detected  by  Drs.  Ragsky  and  Percy  in  fecal  matters, 
by  Berzelius  in  urine,  by  Gmelin  in  the  juices  of  the  stomach  and 
sweat,  and  by  Lehmann  in  the  kiestein.  of  the  urine  of  pregnant 
females. 

It  is,  therefore,  a  fat  belonging  to  the  system  of  animals,  and 
its  presence  in  milk  leads  us  to  infer,  that  if  this  can  be  pro- 
duced by  fermentation,  other  fats  maybe  formed  from  amylaceous 
bodies  in  digestion,  especially  as  lactic  acid  is  resolved  into  it,  and 
probably  other  fats. 

Butyric  Acid. — The  acid  is  obtained  by  decomposing  the 
butyrate  of  lime  formed  in  the  above  process,  by  sulphuric  acid; 
or  it  may  be  obtained  in  minute  quantities  from  butter.  It  is  an 
oily,  slightly  yellow  fluid,  with  the  odor  of  rancid  butter,  and  is 
very  soluble  in  water,  alcohol,  and  ether.  Its  sp.  gr.  is  0.963,  it 
is  volatile,  and  boils  at  327°  F.  It  is  of  a  caustic,  acrid  taste,  cor- 
rodes the  skin,  and  the  vapor  is  inflammable.  It  does  not  solidify 
by  a  cold  of  4°  F. 

It  forms  numerous  salts,  butyrates,  the  most  interesting  of 
which  is  that  with  oxide  of  lipyle,  which  is  butyrin,  a  component 
of  butter.  Chevreul  found  that  this  body  could  be  produced  arti- 
ficially by  uniting  butyric  acid  with  oxide  of  glycerine,  and  that  a 
fat  very  similar  to  butter  was  the  product.  Fibrine,  in  its  decom- 
position, also  yields  butyric  acid,  and  it  appears  to  be  formed  by 
the  action  of  potash  at  320°  F.  on  this  body.  It  is,  therefore,  a 
product  of  the  changes  (metamorphoses)  of  both  amylaceous  and 
proteinous  bodies. 

6.  The  Vinous  Fermentation. — In  this  case  decomposition  takes 
place  in  the  saccharine  matter  (glucose), and  it  is  resolved  into  alco- 
hol, which  is  a  pseudo-organic  body,— carbonic  acid,  and  water, 
neither  of  which  are  organic.  To  produce  it,  the  ferment  is  more 
advanced  in  decay  than  in  the  preceding  cases,  being  in  the  state 
of  yeast.  The  temperature  at  which  it  takes  place  is  about  70° 
in  saccharine  juices,  wort,  must,  or  a  solution  of  sugar,  but  in  milk 
it  does  not  occur  under  80°  F.  Water  is  also  essential ;  indeed, 
the  proteine  body  could  not  form  yeast  without  heat  and  moisture. 
Oxygen  is  also  necessary  to  this  change. 

It  has  been  found  that  fibrine  and  albumen  in  the  moist  state 

22* 
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have  the  property  of  absorbing  oxygen  from  the  air.  By  this  oxy- 
dation  there  are  first  formed  oxides  of  proteine,  which  combine  with 
water;  but  if  it  be  pushed  farther, the  fibrineor  albumen  becomes 
disorganized,  forming  ammonia,  carbonic  acid,  and  extractive 
matters  as  final  results,  with  the  evolution  of  sulphuretted  hydro- 
gen and  other  gases.  This  constitutes  the  putrefactive  decay,  or 
the  final  destruction  of  the  proteine  body.  Liebig  attributes  this 
proneness  to  decay  to  the  instability  of  the  nitrogen,  and  it  is  true 
that  the  most  azotized  bodies  readily  suffer  decomposition  whether 
organic  or  inorganic,  but  the  primary  action  is  the  property  of  these 
bodies  to  absorb  oxygen.  In  other  cases  it  may  be  due  to  the  affinity 
of  hydrogen  and  nitrogen,  as  in  the  decomposition  of  hydrated 
cyanate  of  ammonia  or  urea,  and  in  the  explosive  fulminates. 

Mulder  has  determined  that  yeast  is  an  oxide  of  proteine  and 
that  it  is  in  the  last  stage  before  decomposition.  It  exists  in  the 
form  of  isolated  cellules,  the  enveloping  membrane  of  which  is 
cellulose,  the  interior  a  proteine  body,  the  composition  of  which 
is  C,nH,.N,09  =Pr  +  08  +  6(HO).  This  undergoes  further 
decay,  but  the  stage  at  which  it  produces  the  vinous  fermenta- 
tion is  now  reached. 

To  form  alcohol  and  the  other  products,  it  is  necessary  that 
the  sugar  should  be  in  the  state  of  glucose.  The  changes  are,  as 
follows : 

1  atom  of  glucose     •  C]2  H!4  0)4 

yields 


2  atoms  of  alcohol  (C,Hc02)     -         -         C8   H12  04 
4  atoms  of  carbonic  acid  C4  08 

2  atoms  of  water      *.--■:»         H„  0„ 


Cj2  H)4  014 

In  this  change  the  elements  of  the  yeast  do  not  participate 
although  it  is  undergoing  change  at  the  same  time,  and  finally 
becomes  exhausted,  having  only  a  limited  capacity  to  produce 
fermentation.  The  alcohol  produced  in  this  change  is  one  of 
an  important  group  of  bodies  which  contain  the  hypothetical 
radical  ethyle,  and  will  be  examined  under  that  head. 

The  vinous  fermentation  is  most  common  in  saccharine  fluids, 
but  it  may  be  established  in  milk.  It  does  not  belong  to  that 
class  of  fermentations  which  occur  in  living  plants  or  animals, 
but  is  destructive  in  its  action.  In  the  case  of  diabetic  urine  it 
has  been  proposed  to  test  the  presence  of  sugar,  especially  of  the 
insipid  variety  [diabetes  insipidus),  by  fermentation,  adding  yeast 
and  looking  for  the  evolution  of  carbonic  acid  and  the  produc- 
tion of  the  cellular  objects  called  torulce  which  cause  ferment- 
ing fluids  to  become  ropy.  But  Trommer's  test  is  much  more 
satisfactory.     (See  Glucose.) 

A  fermentation  very  similar  to  the  vinous  takes  place  in  urine, 
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the  urea  of  which  is  converted  into  carbonic  acid  and  ammonia 
under  the  influence  of  a  ferment  formed  by  the  decay  of  a  small 
amount  of  mucus  (oxydized  proteine)  voided  with  it.  If  the  mucus 
be  separated  the  urea  remains  unchanged,  if  it  is  allowed  to  ab- 
sorb oxygen  and  is  moist;  this  substance  is  changed,  as  follows : 


1  atom  of  urea 

- 

-        C2  H4  N2  02 

C  atoms  of  water  - 

. 

-        H6              06 

yield 

2  atoms  of  ammonia 

. 

He             N2 

2  atoms  of  carbonic  acid 

. 

c2          o4 

4  atoms  of  water 

- 

-        H4             04 

C2  H10  N2  08 

Uric  acid  and  other  organic  bodies  rich  in  nitrogen  are  decom- 
posed in  the  same  way,  the  products  being  almost,  if  not  quite, 
inorganic. 

Hence  the  fermentation  may  produce  mere  change  in  group- 
ing, the  products  being  of  a  more  stable  kind,  without  evolution 
of  gas — this  occurs  in  the  bodies  of  animals  and  in  plants.  Or 
there  may  be  formed  pseudo-organic  bodies,  as  lactic  acid  and 
alcohol ;  this  also  may  occur  in  plants  and  animals.  Lastly,  it 
may  entirely  disorganize,  producing  carbonic  acid,  water  and  am- 
monia, from  the  most  organized  substances:  this  does  not  occur 
in  animals,  except  in  cases  of  disease.  In  disease  it  does  occur, 
for  we  have  urine  voided,  containing  carbonate  of  ammonia 
obviously  derived  from  a  change  in  the  urea.  If  the  matter 
were  more  closely  investigated,  there  is  little  doubt  it  would  be 
found  that  many  pathic  fluids  and  products  arise  from  fermenta- 
tion. In  the  results  of  fermentation  we  perceive  a  gradual  return 
of  the  complex  organic  body,  by  various  graduations,  all  of  which 
may  occur  in  the  same  solution,  to  the  inorganic  state  ;  the  various 
products  serving  only  as  temporary  stopping  places. 


EREMACAUSIS. 

The  formation  of  vinegar  in  wines  and  beer  was  formerly 
attributed  to  a  peculiar  fermentation,  and  called  the  acetous. 
But  it  has  nothing  to  do  with  fermentation  being  produced  not 
by  the  action  of  a°  ferment,  but  by  the  slow  absorption  of  oxy- 
gen. In  this  and  analogous  cases,  of  which  there  are  a  great 
number,  Liebig  calls  the  process  Eremacausis,  or  slow  combus- 
tion, the  absorption  of  oxygen  being  as  essentially  a  feature  of 
it  as  in  ordinary  combustion.  By  this  means  organic  bodies 
become  oxydized   and  further   approximated   to  inorganic  sub- 

stnncGS* 

The  conditions  necessary  are  the  continuous  presence  of  oxygen, 
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a  limited  amount  of  moisture  and  a  variable  temperature.  The 
results  will  depend  upon  the  supply  of  oxygen,  the  temperature 
and  the  body  subject  to  change ;  when  the  action  is  rapid,  heat  is 
always  thrown  out. 

Both  azotized  and  non-azotized  bodies  are  subject  to  eremacausis. 
Familiar  illustrations  of  this  action  are  afforded  in  the  formation  of 
vinegar  from  alcoholic  fluids,  in  the  rotting  of  wood  in  a  moist  situa- 
tion, in  the  production  of  nitrates  from  ammonia  in  heaps  of  ma- 
nure, and  in  the  functions  of  the  human  body.  The  continual 
introduction  of  oxygen  by  respiration,  the  evolution  of  oxides,  as 
carbonic  acid,  water  and  cyanic  acid  show  that  the  bodies  of 
animals  are  the  scene  of  a  constant  eremacausis  by  which  the 
fats,  muscles  and  tissues  are  constantly  metamorphosed  into  effete 
matters.  The  function  of  digestion  is,  however,  a  process  of  fer- 
mentation. 

In  eremacausis  it  is  not  necessary  that  there  be  a  ferment,  but 
it  is  essential  that  there  be  a  means  of  absorbing  and  supplying 
oxygen.  This,  in  the  case  of  the  production  of  vinegar  (acetic 
acid)  from  beer  and  wine,  is  accomplished  by  the  action  of  the 
fluid,  or  it  may  be  accomplished  by  a  piece  of  platinum;  for,  if 
the  vapor  of  alcohol  pass  over  platinum,  it  becomes  oxydized,  and 
forms  acetic  acid.  In  the  bodies  of  animals  the  fibrine  of  the 
blood  is  the  substance  which  absorbs  and  supplies  the  oxygen,  and 
the  albumen  of  the  serum  also  does  so.  Charcoal,  the  varieties  of 
platinum,  fibrine,  and  other  bodies  act  in  these  cases  catalytically, 
not  being  themselves  necessarily  changed,  but  yielding  oxygen  in 
the  active  (alpha)  state  to  any  instable  body.  But  the  decompos- 
ing body  may  absorb  the  gas  itself  without  the  intervention  of  any 
agent,  and  the  case  is  not  the  less  one  of  eremacausis. 

The  oxydation  of  pseudo-organic  bodies,  especially  alcohol, 
wood  spirit  and  polatoe  spirit,  lead  to  the  production  of  important 
bodies,  and  it  is  an  action  always  resorted  to  for  the  purpose  of 
investigating  organic  bodies.  The  common  means  of  doing  so  is, 
to  pass  a  stream  of  the  vapor  over  spongy  platinum. 

Heat  may  also  be  regarded  as  an  exciting  agent  of  this  kind  of 
action,  when  the  organic  substances  are  exposed  to  the  air,  from 
which  they  derive  their  oxygen.  In  these  cases,  the  body  may 
be  split  into  two  or  more  by  a  new  grouping  and  oxydation,  or  it 
may  be  almost  destroyed. 

We  are  now  prepared  to  consider  the  disorganizing  effects  of 
fermentation,  eremacausis  and  heat  on  the  amylum  series. 
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ALCOHOL  AND  ITS  DERIVATIVES. 

THE  COMPOUNDS  OF  ETHYLE. 

Alcohol—  Spirit   of   Wine;    Hydrated   Oxide    of   Ethyle 
(C4H602)  is  procured  by  the  action  of  yeast,  or  fermenting  animal 
matter,  on  a  saccharine  solution.    One  atom  of  glucose  yields  two 
of  alcohol,  and  carbonic  acid  and  water  are  separated,  thus: 
1  atom  of  glucose    -         -         -         -         C,oH„0,, 

.     .  -  II         14         14 

yields 


2  atoms  alcohol  (C4H602)  -         -         C8   H12  04 

4  atoms  carbonic  acid_       -  -         -         C4  08 

2  atoms  water  -  '      -         -         -        j^  £{&.,,,  02 

C12   H14  014 

In  this  change  the  ferment  does  not  participate  by  its  elements, 
but  the  solution  becomes  thick,  and  there  are  produced  in  it  cryp- 
togamic  plants,  consisting  of  strings  of  cellules,  the  bounding  wall 
of  which  is  cellulose — these  are  termed  Torulae  and  Saccharo- 
myces.     The  alcohol  is  separated  by  distillation. 

Characters Alcohol  is    a   transparent,  colorless    liquid,  of  a 

vinous  smell,  hot  taste,  and  sp.  gr.,  at  60°  F.,  0.793  when  pure, 
boils  at  173°  F.  It  has  never  been  frozen.  That  in  commerce  con- 
tains about  12  per  cent,  of  water  and  some  corn  oil,  which  impairs 
the  odor.  The  pure  anhydrous,  or  absolute  alcohol,  is  obtained 
by  treating  rectified  alcohol  with  carbonate  of  potash  or  caustic 
lime,  and  redistilling  about  three-fourths  off  at  a  low  temperature. 
The  dilute  or  proof  spirit  (Spiritus  tenuior)  contains  about  50  per 
cent,  of  alcohol. 

Properties It  is  highly  inflammable,  burning  with  a  hot,  pale 

flame,  much  used  in  the  arts  from  being  free  from  smoke.  By 
this  combustion  it  is  resolved  into  water  and  carbonic  acid,  oxygen 
being  absorbed  from  the  air.  It  has  remarkable  solvent  proper- 
ties,"dissolving  many  saline  bodies,  the  resins,  essential  oils,  castor 
oil,  the  alkalies,  most  acids,  and  many  vegetable  principles,  but  it 
does  not  dissolve  the  fats,  fixed  oils  (except  castor  oil),  or  saline 
bodies  insoluble  in  water,  or  which  effloresce  in  the  air.  With 
some  saline  bodies  it  unites,  like  water  does  in  its  hydrates  ;  such 
compounds  are  termed  alcoates  by  Graham.  It  is  freely  soluble  in 
water  and  ether,  indeed  its  affinity  for  water  is  so  considerable 
that  it  acts  as  an  antiseptic,  preserving  animal  matters  by  remov- 
ing the  water  necessary  to  establish  fermentation  in  them. 

Chemically  considered,  alcohol  exhibits  all  the  properties  of  a 
hydrated  oxide,  and  if  strong  acids  be  brought  in  contact  with  it, 
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assisted  by  a  moderate  heat,  they  separate  the  water  and  enter 
into  combination  with  the  oxide,  forming  sulphates,  oxalates,  &c. 
The  base  here  is  termed  ethyle;  it  has  not  been  insulated,  but 
we  know  its  oxide,  which  is  ether,  and  numerous  compounds,  and 
they  all  point  to  the  existence  of  a  powerful  electro-positive 
radical,  capable  of  forming  haloid  compounds  and  oxygen  salts. 
The  composition  of  ethyle  is  inferred  to  be  C4H5,  and  the  follow- 
ing are  its  chief  compounds: 


The  Ethyl 

e  Series. 

Ethyle,  symbol  Ae 

■        C4H5 

Oxide  of  ethyle 

Ae.O 

Chloride  of  ethyle 

Ae.Cl 

Iodide  of  ethyle     - 

Ae,I 

Hydrate  of  the  oxide 

AeO-f-HO 

Bisulphate  of  ethyle 

-        Ae,0+2(S03) 

Phosphate  of  ethyle 

Ae,0+P05 

Hyponitrite  of  ethyle 

Ae,04-N03 

&c.  &c. 

&c. 

Of  the  foregoing  bodies,  several  are  of  medical  interest  and 
will  be  considered;  others,  as  the  iodide  with  the  bromide,  sul- 
phide, cyanide  of  ethyle,  are  not  put  to  any  use.  Of  the  com- 
pounds of  oxide  of  ethyle,  the  acetate,  carbonate,  oxalate,  formate, 
butyrate  and  numerous  others,  are  merely  objects  of  curiosity.  The 
enanthic  ether  forms  the  bouquet  of  wines;  other  compounds  with 
vegetable  acids  have  odors  resembling  those  of  the  apple,  melon 
and  other  fruits,  so  that  it  is  highly  probable  that  these  are  due 
to  ethereal  bodies. 

Uses  and  Effects  of  Alcohol. — It  is  used  as  a  solvent  in  the 
arts,  for  its  hot  flame,  and  for  the  production  of  the  ethers.  In 
medicine  it  is  an  arterial  stimulus  in  small  doses,  and  serves  well 
in  cases  of  debility  to  arouse  the  powers  of  the  system,  but 
is  transitory  in  its  action.  It  acts  as  a  local  stimulant,  and 
also  enters  the  blood,  having  been  detected  in  that  fluid  and  in 
urine;  in  the  circulation  it  is  speedily  oxydized,  becoming  con- 
verted into  carbonic  acid  and  water.  The  effect  of  its  change 
in  large  quantities  is  to  produce  stupor,  and  in  fatal  cases  com- 
plete asphyxia.  These  results  are  due  to  the  separation  of  the 
oxygen  of  arterial  blood,  which  acquires  a  venous  color,  and  con- 
sequently the  loss  of  that  vital  stimulant  on  the  brain  and  mus- 
cular apparatus.  Respiration  therefore  becomes  labored,  the 
countenance  bloated,  the  lungs  and  other  parts  of  the  system 
engorged  with  venous  blood,  and  hence  death  from  a  true  as- 
phyxia. We  should,  therefore,  in  cases  of  alarming  drunkenness, 
employ  artificial  respiration  as  our  sheet  anchor,  the  contents  of 
the  stomach  and  bowels  being  removed  by  the  stomach  pump 
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and  enemata.  In  this  case  an  admixture  of  protoxide  of  nitrogen 
with  the  air  may  be  serviceable  ;  as  well  as  the  interrupted  current 
of  galvanism  to  keep  up  the  motion  of  the  respiratory  muscles. 

The  poisoning  produced  by  the  long-continued  use  of  ardent 
spirits,  one  symptom  of  which  is  delirium  tremens,  seems  to  arise 
from  a  direct  action  of  alcohol  on  the  stomach  and  nervous  centres. 
It  is  not  to  be  overlooked  by  the  student  of  medicine,  that  the  ad- 
ministration of  medicines  in  the  form  of  tincture,  or  the  employ- 
ment of  spirituous  potions  in  convalescence,  may  awaken  a  taste 
for  alcohol  leading  to  pernicious  habits. 

The  spirituous  beverages  in  use  contain  different  proportions 
of  alcohol,  the  amount  being  in  brandy,  rum  and  whisky  from 
50  to  00  per  cent.  ;  in  tinctures  about  40 ;  in  the  strong  wines,  as 
madeira,  port,  sherry,  malaga,  from  21  to  30;  in  hock,  cham- 
pagne, claret,  sauterne  and  the  lighter  wines,  from  11  to  16  per 
cent. ;  in  ale,  cider  and  stout  7  to  8.50;  in  draught  porter  about 
4  per  cent. 

Ether — Sulphuric  Ether  ;  Oxide  of  Ethyle  ;  AeO. — Ether 
is  produced  by  any  means  which  will  separate  the  atom  of  water 
from  alcohol,  or  will  convert  AeO,HO  into  AeO  and  water.  It 
was  formerly  done  by  distilling  dilute  sulphovinic  acid,  which  is 
prepared  by  warming  equal  weights  of  sulphuric  acid  and  alco- 
hol; this  forms  a  sour  syrupy  liquid,  having  the  composition 
AeO,2S03+HO.  If  this  "acid  be  diluted  with  water,  so  that  its 
boiling  point  be  from  200°  to  310°  F.  and  distilled,  ether  and  a 
little  water  pass  over  and  there  remains  in  the  retort  hydrated 
sulphuric  acid. 

But  this  is  an  uncertain  and  expensive  process,  for  below 
260°  alcohol  distills  over,  and  above  310°  olefiant  gas  and  other 
bodies  pass  over.  To  obviate  these  difficulties  the  continu- 
ous process  has  been  introduced,  in  which  a  stream  of  alcohol 
is  made  to  enter  the  still  gradually,  so  that  the  boiling  point 
of  the  mixture  is  retained  at  about  300°  F.,  and  in  this  way  a 
small  quantity  of  sulphuric  acid  serves  for  the  change  of  a  large 
amount  of  alcohol.  There  pass  over  the  vapors  of  ether  and 
water,  which  are  condensed  in  a  Liebig's  or  other  condenser,  the 
two  fluids  separating  spontaneously  in  the  receiver. 

Characteri-lt  is  a  iimpid,  colorless  fluid  of  a  peculiar  and 
penetrating  odor,  hot  taste,  sp.  gr.  at  60°  0.720,  boiling  a  96  F. 
It  has  not  been  frozen,  is  extremely  volatile,  slightly  soluble  in 
water  but  very  soluble  in  alcohol. 

Properties  lit  is  highly  inflammable,  burning  in  contact  with 
ox^en  into  water  and  carbonic  acid.    It  is  a  solvent  of  many  fats, 

Kd  vegetable  principles,  and  has  all  the  properties  of  a  me- 
tallic oxide,  forming  compounds  with  most  acids.  The  vapor 
o  ms  an  explosive  mixture  with  air  and  when  in  contact  with  * 
some  time  is  changed  into  acetic  acid  by  oxydation. 
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Uses. — It  is  employed  in  organic  analysis  as  a  solvent;  and  in 
medicine,  being  a  diffusible  stimulus  and  antispasmodic,  and  has 
been  found,  when  inhaled,  to  destroy  sensibility  for  a  time  so  com- 
pletely as  to  allow  of  the  performance  of  severe  surgical  opera- 
tions. The  soporific  effect  is  similar  to  that  of  alcohol,  but  pro- 
duced more  rapidly,  and  it  does  not  cause  so  much  local  irritation. 
The  ether  entering  the  blood  becomes  oxydized,  removing  the 
oxygen  destined  to  the  metamorphoses  of  the  tissues;  hence  ven- 
ous congestion  and  a  partial  asphyxia  occur.  Where  its  action 
has  been  excessive,  the  same  means  are  to  be  employed  for  the 
restoration  of  the  patient  as  in  the  case  of  drunkenness. 

In  the  inhalation,  two  drachms  or  more  of  ether,  washed  free 
from  alcohol  by  water,  are  put  on  a  small  sponge,  which  may  be 
put  in  a  vessel  perforated  by  several  holes,  and  placed  over  the 
mouth  and  nose.  The  patient  inhales  through  this,  each  draught 
of  air  carrying  a  large  amount  of  ethereal  vapor.  Stupefaction 
occurs  in  two  or  more  minutes,  and  lasts  five  or  more  minutes. 

Etherization  has  been  freely  practised  with  little  danger,  but  in 
cases  of  hemoptysis  it  is  not  safe.  There  are  also  irritable  states  of 
the  brain  and  spinal  centres,  in  which  it  is  counter-indicated. 
Chloric  ether,  or  the  chloride  of  ethyle,  and  chloroform  have  the 
same  property,  and  the  latter  has  been  freely  employed  ;  it  is  more 
active,  thirty  to  fifty  drops  producing  insensibility  in  the  space  of 
one  to  two  and-a-half  minutes  ;  but  it  appears  to  be  frequently 
followed  by  considerable  prostration.  The  therapeutical  action  is 
the  same,  except  that  the  chlorine  of  these  compounds  becomes 
converted  into  muriatic  acid  in  the  blood,  and  seems  to  produce 
the  debilitating  effects  complained  of.  It  would  appear  that  par- 
turition is  accomplished  much  more  favorably  under  the  influence 
of  chloroform  than  of  ether.  Its  action  on  the  system  is  more 
rapid  but  less  persistent,  and  in  consequence  of  the  subsequent 
prostration,  ether  is  now  supposed  to  be  preferable,  for  the  patient 
recovers  from  its  effects  much  more  completely. 

Haloid  Compounds  of  Ethyle. — The  chloride  of  ethyle  or 
hydrochloric  ether  (AeCl),  is  made  by  saturating  alcohol  with  hy- 
drochloric acid  gas,  distilling  at  a  low  heat,  washing  the  vapor 
with  water,  and  condensing  in  an  iced  refrigeratory.  It  is  highly 
volatile,  limpid,  colorless,  of  a  pleasant  aroma,  sp.  gr.  0.874,  and 
boils  at  84°  F.  It  has  the  properties  of  ether,  but  is  more  active ; 
it  has  been  recommended  as  an  ancesthetic  agent,  but  is  probably 
inferior  to  ether.  As  an  antispasmodic  it  has  been  employed  in 
asthma  and  adynamic  diseases  of  the  nervous  system,  but  is  not 
better  than  ether;  the  dose  is  f5ss.  Cyanide  of  ethyle — hydro- 
cyanic ether,  (AeCy)  has  been  recommended  by  Majendie,  in 
whooping-cough,  asthma  and  convulsive  diseases,  as  a  nervous 
sedative  ;  the  dose  is  five  to  ten  drops,  but  it  is  rarely  employed, 


COMPOUNDS  OF  ETHYLE.  265 

in  consequence  of  its  insufferable  odor;  it  is  also  an  active  poison. 

I    rf     'n  °mUle  a^  mIPhide  of  ethy'e  ■«  not  employed 
bALTs  of  Oxide  of  ExHYLE.—Oxide  of  ethyle  (AeO)  unites 

Se   and°trC,dSH  afTnd  S"  ^  T^  lhuS  formed  are  ethereal,  vola- 
.le,  and  act  as  diffusible  stimulants.     There  is  a  great  number  of 

til  ™mPTdS'  hVuhG  hyP°nitrite  and  acetate  are  the  only  one 
used  m  medicine      These  ethers  are  nearly  all  decomposed  by 
caustic  potash  and   other  alkalies,  which  are,  therefore,  incom- 
patibles. 

The  hyponitrite  of  oxide  of  ethyle  ;  nitrous  ether  (AeO,N03) 
is  employed  in  an  impure  form  in  medicine,  being  dissolved  in 
alcohol  in  the  spintus  aatheris  nitrici.  It  is  a  pale  yellow,  volatile 
liquid,  having  an  agreeable  odor  of  apples  ;  its  density  is  0.947, 
and  it  boils  at  62°  F.  It  is  employed,  dissolved  in  alcohol,  in 
medicine  as  an  antispasmodic  and  diuretic.  Acetate  of  oxide  of 
ethyle;  acetic  ether  (AeO,CIH303)  is  made  by  heating,  in  a  retorl, 
three  parts  of  acetate  of  potash,  three  of  alcohol,  and  two  of  sul- 
phuric acid,  washing  the  vapor  with  water,  digesting  the  refrige- 
rated ether  with  chalk,  and  afterwards  with  chloride  of  calcium 
and  rectifying.  It  is  a  highly  fragrant,  limpid  liquid,  has  a  den- 
sity of  0.890,  and  boils  at  105°.  It  is  a  little  employed  in  medi- 
cine in  the  same  way  as  common  ether. 

Compounds  Connected  with  Ethyle. — Sidphovinic  acid  has 
already  been  referred  to,  in  the  formation  of  ether.  Its  composi- 
tion is  AeO,2S03+HO,  and  it  would  appear  to  be  a  hydrated  bi- 
sulphate  of  oxide  of  ethyle,  but  it  has  none  of  the  properties  of  the 
ethers,  being  an  acid  capable  of  combining  with  metallic  oxides 
and  forming  sulphovinates.  Its  salts  are  soluble,  and  all  suffer 
decomposition  by  heat,  as  does  the  acid  itself.  There  is  also  a 
phosphovinic  acid,  (AeO,P05  +  2HO,)  and  an  oxalovinic  acid 
(AeO,2(C203)+HO,)  having  similar  properties. 

Heavy  oil  of  wine;  Oleum  sethereum,  formerly  used  as  an 
antispasmodic,  when  pure  is  a  sulphate  of  oxide  of  ethyle  and 
sulphate  of  etherole  (C4H4),  a  body  isomeric  with  olefiant  gas. 
It  is  produced  by  distilling  dry  sulphovinate  of  lime:  when  the 
heavy  oil  and  alcohol  pass  over,  the  latter  may  be  separated  by 
water.  It  is  a  yellowish  green,  oily  body  with  a  powerful  odor 
somewhat  resembling  that  of  peppermint. 

Olefiant  gas  (C4H4)  is  obtained  by  heating  dilute  sulphovinic 
acid  above  1320°  F.  This  acts  as  a  true  basic  compound  radical, 
forming  three  chlorides,  a  bromide,  iodide,  &c.  These  bodies 
resemble  the  ethers,  so  that,  according  to  some  authors,  alcohol 
and  the  compounds  of  ethyle,  may  be  reduced  to  compounds  of 
olefiant  gas.  Thus,  then,  is  established  an  intimate  relation 
between  all  the  foregoing  bodies  and  the  oils,  which  are  chiefly 
reducible  by  heat  into  olefiant  gas. 
23 
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The  chloride  of  defiant  gas  (C4H4,CI2)  is  the  oil  of  the  Dutch 
chemists,  and  may  be  made  by  mixing  equal  volumes  of  chlo- 
rine and  olefiant  gas.  It  is  a  colorless,  fragrant  liquid,  boiling  at 
180°  F.  In  this  substance  is  observed  the  most  striking  illus- 
tration of  substitutions  and  the  doctrine  of  types,  the  whole  of 
the  hydrogen  being  removable  by  chlorine  without  altering  the 
number  of  atoms.     The  products  are  as  follows  : 


1  Dutch  liquid     - 

- 

C4  H4  CI, 

2  Terchloride  of  acetyle 

- 

c4  n3  a 

3             "                      li           - 

- 

C4  H2  CI. 

4             «                      "           - 

- 

C4  H   CI 

5  Perchloride    of  carbon 

- 

C4       CI, 

Many  other  bodies  produced  by  the  action  of  chlorine,  sulphur 
and  similar  agents  on  alcohol,  ether,  olefiant  gas  and  their  com- 
pounds, are  known  to  chemists,  but  are  not  employed  in  medicine 
or  the  arts. 
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When  alcohol  is  slowly  oxydized,  or  subjected  to  eremacausis, 
acetic  acid  is  produced;  this  is  found  to  be  a  hydrated  oxide  of  a 
hypothetical  basic  radical  of  which  there  are  several  compounds 
known;  these  are  included  in  the  adjoined  table: 

Acetyle,  symbol  Ac  C4TT3 

Hydrated  oxide  of  acetyle  (Aldehyde)     -  Ac,0-|-HO 

Acetylous  acid  (jildehydic  Acid)     -         «  Ac02-j-HO 

Acetic  acid AC03+HO 

Terchloride  of  acetyle  ...  -  Ac,Cl3 

Hydrated  Oxide  of  Acetyle :  Aldehyde  has  the  same  relation 
to  acetyle  that  alcohol  has  to  ethyle.  It  is  an  alcoholic  fluid  of  a 
suffocating  odor,  sp.  gr.  0.79,  boiling  point  72°  F.  It  undergoes 
slow  eremacausis  in  the  air,  or  under  the  influence  of  platinum 
black,  becoming  converted  into  acetic  acid. 

Acetylous  Acid  is  a  peculiarly  acrid  volatile  body  and  is  ob- 
tained in  an  impure  state  by  placing  a  piece  of  spongy  platinum 
heated  to  redness  in  the  vapor  of  ether;  the  platinum  continues 
incandescent  for  a  long  time  and  an  acrid  vapor  is  produced  for- 
merly called  lampic  acid  and  containing  the  acetylous  acid.  This 
arrangement  constitutes  Davy's  aphlogistic  lamp. 

Acelal  is  a  colorless  aromatic  liquid  containing  the  elements  of 
ether  and  aldehyde  (C?H903);  it  is  procured  by  a  troublesome  pro- 
cess from  the  result  of  the  action  of  moist  platinum  black  on  the 
vapor  of  alcohol. 

Acetic  Acid — Pyroligneotts  Add;  the  Acid  of  Vinegar 
(C4H303-f-HO). —  This  acid  is  common  in  living  plants,  and 
is  the  product  of  the  eremacausis  of  all  alcoholic  fluids.  It 
may  be  procured  very  readily  and  in  a  state  approaching  purity 
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by  what  is  called  the  German  method.  A  cask  is  filled  with 
shavings  previously  soaked  in  vinegar  ;  around  the  lower  parts 
are  holes  to  allow  the  access  of  air,  and  a  stop  cock  to  draw  off 
any  liquid  from  below;  in  the  place  of  the  common  top  a  wooden 
tray  is  inserted,  the  bottom  of  which  is  pierced  by  numerous 
small  punctures,  through  each  of  which  is  drawn  a  few  strands 
of  cotton  yarn.  Into  this  tray  is  poured  alcohol  diluted  with 
eight  parts  water,  mixed  with  about  j^th  part  of  yeast  and 
warmed  to  80°  F.  The  dilute  alcohol  in  streaming  over  the 
wood  shavings  is  oxydized  and  partially  converted  into  vinegar  ; 
by  sending  this  product  through  a  second  or  third  time  it  becomes 
very  strong;  and  thus  vinegar  can  be  obtained  in  thirty-six  hours, 
superior  to  that  formerly  had  by  exposing  wine  and  cider  in  half 
empty  casks  to  air  for  months.  In  this  process,  the  shavings  be- 
come quite  hot,  from  the  action  of  the  oxygen  on  the  alcohol. 
The  change  here  is  as  follows : 

1  atom  of  alcohol     - 
4  atoms  of  oxygen 
yields 

1  atom  of  acetic  acid 

2  atoms  of  water     - 

C4  H6  06 

It  is  also  found  among  the  products  of  the  destructive  distilla- 
tion of  wood,  and  hence  called  pyroligneous  acid  ;  but  to  obtain 
pure  acid  it  is  necessary  to  distill  dried  acetate  of  soda  mixed 
with  sulphuric  acid. 

Characters. — Pure  acetic  acid  is  a  colorless,  limpid  fluid,  of  a 
pungent  refreshing  odor,  volatile;  it  boils  at  248°  F.,  and  has 
the  sp.  gr.  of  1.0b;3.  At  50°  F.  it  crystallizes  in  large  plates — 
this  is  called  glacial  acetic  acid. 

Properties. — It  is  a  powerful  acid,  and  its  atom  of  water  is 
basic  and  replaced  by  metallic  and  other  oxides.  Its  true  form 
being  HO,C4H303,  or  according  to  the  hydrogen  theory  H+C4H3 
04,  it  is  monobasic.  The  vapor  is  inflammable.  It  has  a  strong 
affinity  for  water,  forming  a  definite  compound  with  two  atoms  ;  it 
also  mixes  with  alcohol  and  ether,  and  dissolves  camphor,  the 
essential  oils  and  many  vegetable  principles — hence  it  is  em- 
ployed as  a  solvent  in  pharmacy.     It  is  a  valuable  antiseptic. 

Uses. It  is  chiefly  employed  as  an  antiseptic  body  for  the  pre- 
servation of  vegetables,  and  may  be  used  for  meats.  In  the 
laboratory  it  is  useful  as  a  solvent,  and  in  medicine  it  is  occasion- 
ally employed  as  a  refrigerant  in  a  diluted  state.  The  strong 
acid  applied  to  the  skin  is  rubefacient.  Pickles  are  often  em- 
ployed at  the  table,  and  seem  to  do  little  harm  to  those  in  sound 
health,  but  are  injurious  to  the  dyspeptic  and  feeble,  impeding,  in 
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some  degree,  the  function  of  digestion  by  the  antiseptic  action  of 
the  vinegar;  but,  as  they  are  usually  combined  with  peppers  and 
stimulants,  this  may  be  compensated.  It  enters  the  system,  and 
becomes  changed  by  the  oxygen  of  the  blood,  in  common  with  all 
the  vegetable  acids,  into  carbonic  acid  and  water.  Its  salts,  the 
acetates,  are  in  the  same  way  converted  into  carbonates. 

Salts. — The  acetates  are  readily  formed  by  the  action  of  the 
acid  on  metallic  oxides  or  their  carbonates,  most  are  soluble,  and 
all  such  are  precipitated  by  the  nitrates  of  silver  or  mercury  of  a 
white  crystalline  appearance.  But  the  most  characteristic  sign 
of  the  acid  is  its  odor,  which  may  be  produced  by  warming  the 
acetate  with  sulphuric  acid.  Several  acetates  are  used  in  medi- 
cine and  the  arts,  the  chief  of  which  are  the  acetates  of  ammonia, 
alumina,  iron,  lead,  zinc,  copper,  and  mercury. 

Acetate  of  Ammonia  (NH40,Ac03)  crystallizes  in  needles, 
which  are  very  soluble,  and  have  a  saline  taste.  It  is  readily 
procured  in  solution  by  adding  carbonate  of  ammonia  to  the  dilute 
acid,  and  constitutes  the  spirit  of  minder er us  of  pharmacy.  It  is 
a  well  known  sudorific  and  refrigerant  in  febrile  disorders.  The 
old  preparation  contained  empyreumatic  bodies,  which  gave  it 
also  antispasmodic  properties. 

Acetate  of  Alumina  and  the  Per  acetate  of  Iron  (Fe203,3(Ac03) 
are  extensively  employed  in  dyeing  as  mordants  ;  the  latter  is  also 
used  in  medicine  as  a  mild  chalybeate. 

Acetates  of  Lead. — There  are  four  acetates  of  lead,  the  princi- 
pal of  which  is  the  neutral  acetate,  or  sugar  of  lead.  This  con- 
sists of  PbO,Ac03-f  3HO;  it  is  common,  in  bright,  colorless  rhom- 
bic prisms,  which  are  soluble,  and  have  a  sweet  astringent  taste. 
The  solution  reddens  litmus  paper.  It  effloresces  in  the  air, 
undergoing  a  partial  change  into  the  carbonate.  By  heat  it  is 
resolved  into  acetone,  carbonic  acid,  and  the  sesqui-basic  acetate 
of  lead  3PbO-r-2(AcO). 

Fresh  basic  acetate  of  lead  is  a  valuable  astringent,  and  arterial 
sedative  ;  there  is  no  remedy  so  valuable  in  hemorrhages.  It  is, 
however,  poisonous  in  large  doses,  though  much  less  so  than  is 
supposed  ;  but  the  old  salt,  partially  converted  into  carbonate,  is 
highly  deleterious.  To  avoid  this  effect,  it  is  best  to  administer 
it  in  solution,  with  sufficient  acetic  acid  to  render  the  mixture 
clear.  Doses  of  twenty  grains  have  been  employed  every  two  or 
three  hours  in  haemoptysis  and  dysentery,  without  injury  to  the 
system,  and  with  the  best  effects  on  the  diseases.  Its  antidote  is 
sulphate  of  soda,  which  forms  the  insoluble  sulphate  of  lead  with 
the  base.  Painter's  colic  (colica  pictonum),  which  is  sometimes 
said  to  have  been  produced  by  this  salt,  appears  to  be  due  to  the 
use  of  the  carbonate  chiefly,  if  not  exclusively.  It  affects  painters 
and  those  who  employ  white  lead,  which  is  the  carbonate.     The 
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disease  is  attended  with  painful  colic,  tormina,  tenesmus,  and  a  par- 
tial paralysis  of  the  hands ;  it  sometimes  ends  in  introsusception. 
Previous  to  the  foregoing  symptoms,  the  action  of  the  lead  may- 
be recognized  by  a  blue  ring  around  the  neck  of  the  teeth.  A 
lemonade  containing  sulphuric  acid  is  recommended  to  avert  these 
pernicious  effects.  The  tribasic  acetate  of  lead  (3PbO,Ae03)  is 
found  in  the  extractitm  saturni  of  pharmacy ;  it  has  an  alkaline 
reaction,  and  is  very  poisonous. 

Acetates  of  Copper.  —  The  principal  is  purified  verdigris, 
(CuO,AcO,)  which  forms  soluble,  green  crystals  of  a  metallic 
taste.  It  is  used  as  a  paint,  and  is  an  irritant  poison  and  emetic, 
similar  to  the  sulphate  of  copper  or  blue  vitriol.  The  coarse  ver- 
digris of  wine  countries,  made  by  exposing  old  pieces  of  copper 
to  the  action  of  the  husks  of  grapes,  undergoing  eremacausis,  is  a 
subacetate  (2CuO,Ac03+6Aq).  This  yields  the  above  neutral 
acetate  by  solution  in  acetic  acid.  Verdigris  is  a  constituent  of 
the  mel  seruginis,  a  topical  application  to  ulcers,  but  which  is  sel- 
dom employed. 

Acetate  of  Zinc  crystallizes  in  very  soluble,  pearly,  oblique, 
rhomboidal  plates :  it  has  the  properties  of  the  sulphate,  and  is 
used  in  dilute  solution  as  an  injection,  and  as  an  astringent  wash. 

Acetate  of  Mercury  (Hg02  +  Ac03)  is  a  brilliant,  white,  crys- 
talline body,  sparingly  soluble  in  water;  it  was  formerly  used  in 
medicine,  being  a  constituent  of  the  famous  pills  of  Keyser,  and 
one  of  the  first  mercurials  employed  in  Europe. 

Compounds  Derived  from  the  Acetyle  Series. — The  chief 
of  these  are  acetone,  chloro-acetic  acid  and  chloral.  Acetone 
or  pyroacetic  spirit  (C3H30)  is  one  of  the  products  of  the  dry  dis- 
tillation of  acetate  of  lead.  It  is  a  limpid,  colorless  fluid,  highly 
volatile,  of  a  peculiar  odor,  sp.  gr.  0.792,  and  boils  at  132°  F.  It 
dissolves  in  water,  alcohol  and  ether,  and  is  very  inflammable. 
This  body  has  been  recommended  in  chronic  diseases  of  the  air- 
passages,  and  as  an  antispasmodic.  Kane  entertains  the  view 
that  acetone  contains  a  compound  base,  to  which  he  gives  the 
name  of  mesifyle,  and  the  formula  C6H5;  he  describes  several 
compounds  of  'it.  Chloroacetic  acid  is  a  white  crystalline  sub- 
stance, obtained  as  one  of  the  products  of  the  action  of  the  sun's 
rays  on  a  mixture  of  chlorine  and  pure  acetic  acid.  It  is  deli- 
quescent, with  a  faint  odor,  and  caustic  taste  ;  the  solution  is  acid, 
forming  'salts  with  many  bases.  Its  composition  is  C4H04C13  or 
q  CI  O  +HO,  or  hydrated  acetic  acid,  in  which  three  equivalents 
of  hydrogen  have  been  substituted  by  chlorine.  Chloral  is  some- 
what analogous,  the  composition  being  C4CJ302H;  this  is  an  oily, 
colorless  liquid,  with  an  acrid  vapor. 

Related  to  the  acetyle  series  is  cacodyle  or  kacody/e,  and  its 
compounds.  This  compound  radical  has  the  formula  C4H6As, 
^  23* 
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which  is  the  same  as  acetyle  +  arseniuretted  hydrogen,  or  C4H3 
+  H3As,  and  may  be  regarded  as  a  product  of  the  union  of  these 
bodies.  It  has  been  isolated  by  M.  Bunsen,  and  is  a  colorless, 
limpid  liquid,  of  a  powerful  odor  of  garlic,  extremely  irritant  and 
poisonous.  It  is  spontaneously  inflammable  when  brought  into 
contact  with  oxygen  or  chlorine ;  the  oxides  or  chlorides  of  cacodyle 
resulting.  It  forms  numerous  compounds  with  the  haloid  bodies, 
of  which  none  except  the  oxide  is  much  known  ;  this  is  Cadet's 
fuming  liquor.  All  these  bodies  are  so  fearfully  poisonous,  that 
they  can  scarcely  be  conceived  to  be  useful  in  the  arts  or  medi- 
cine. 


PRODUCTS  OF  THE  DISTILLATION  OF  WOOD. 

When  wood  is  distilled  in  iron  vessels  at  a  red  heat,  a  large 
number  of  bodies  pass  over,  including  water,  inflammable  gases, 
acetic  acid,  wood  spirit  and  tarry  bodies,  and  there  remains  be- 
hind charcoal.  The  most  interesting  of  these  products  is  wood 
spirit  or  Pyroxylic  spirit,  which  resembles  alcohol  in  its  chemical 
relations,  and  contains  a  compound  radical  called  methyle  ;  and 
some  of  the  substances  extracted  from  wood  tar. 

Methyle  is  a  hypothetical  body  with  the  chemical  peculiarities 
of  ethyle,  having  the  composition  C2H3 ;  its  principal  compounds 
are  as  follows : 

The  Methyle  Series. 
Methyle,  symbol  Me C2T13 

Oxide  of  methyle,  (wood  ether)  -  -  MeO 

Hydrated  oxide  of  methyle  (wood  alcohol)     -  MeO.HO 
Chloride  of  methyle  ....       MeCl. 

Oxide  of  methyle;  met  hylic  ether;  wood  ether,  MeO,  is  made 
from  the  hydrated  oxide  or  wood  spirit  in  the  same  way  as  ether 
is  produced  from  alcohol.  Sulphuric  acid  forms  with  wood  spirit 
the  su/phomethylic  acid,  which  is  the  analogue  of  sulphovinic 
acid,  being  a  hydrated  bisulphate  of  oxide  of  methyle  MeO, 
2S03  +  HO,  and  an  aqueous  solution  is  decomposed  by  heat  into 
oxide  of  methyle  and  hydrated  sulphuric  acid. 

The  oxide  is  a  permanent  gas,  sp.  gr.  1.017,  very  soluble  in 
water,  and  burning  with  a  pale  flame.  The  solution  has  an 
ethereal  odor. 

Hydrated  oxide  of  methyle — wood  spirit ;  pyroxalic,  spirit ; 
MeO,HO. — This  passes  over  with  the  first  products  of  the  dis- 
tillation of  wood,  there  being  about  one  per  cent,  of  it  in  thepyro- 
ligneous  acid.  It  is  separated  from  the  acid  by  submitting  it  to 
distillation,  and  receiving  only  the  first  portions ;  this  is  neutralized 
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by  lime  ;  the  clear  liquid  is  then  separated  from  some  oil,  which 
floats  on  the  surface,  and  the  sediment  at  the  bottom  of  the  vessel, 
and  redistilled.  It  is  a  volatile  liquid  nearly  colorless,  of  a  peculiar 
odor,  sp.gr.  0.798,  boiling  at  152°  F.,  of  a  burning  taste  and  in- 
5*,?™t,  closely  resembles  alcohol  as  a  solvent,  and  is  also  a 

diffusible  stimulus,  acting  on  the  system  nearly  like  it,  but  is 
more  disagreeable  in  flavor.  It  dissolves  resins,  and  may  be  burnt 
in  lamps  as  a  substitute  for  alcohol.  It  is  also  one  of  the  most 
powerful  antiseptics  known. 

Chloride  of  methyle  is  an  inflammable  gas  ;  the  iodide  is  an 
ethereal  fluid.  There  are  also  quasi-salts  of  oxide  of  methyle,  with 
sulphuric,  nitric,  oxalic,  acetic,  formic  and  other  acids,  none  of 
which  are,  however,  used. 

Derivatives  of  Wood  Spirit. — In  the  eremacausis  of  wood 
spirit,  by  exposing  its  vapor  to  the  action  of  platinum  black,  and  in 
other  ways,  formic  acid  is  obtained.  This  bears  the  same  relation 
to  it,  that  acetic  acid  does  to  wine  alcohol,  and  like  it,  contains  a 
new  radical,  C2H,  called  formyle.  This  has  never  been  isolated, 
but  it  resembles  acetyle  in  its  compounds,  many  of  which  have 
been  detected. 

The  Formyle  Series. 

Formyle,  symbol  Fo  C2H 

Hycl  rated  teroxide  of  formyle  (formic  acid)       -  Fo03,HO 

Perchloride  of  formyle  (chlorojorm)  -         -  FoCl3 

Teriodide  of  formyle  (iodoform')       ...  FoI3 

Terbromide  of  formyle  (bromoform)         -         -  FoBr3. 

Formic  Acid — Hydrated  Teroxide  of  Formyle;  Fo03,HO. — 
The  direct  method  of  procuring  this  body  has  been  given,  but  it 
may  be  obtained  by  distilling  ants  (hence  its  name),  or  by  the 
action  of  dilute  sulphuric  acid  on  sugar  mixed  with  peroxide  of 
manganese.  It  is  a  caustic  acid,  of  great  activity,  colorless,  of  a 
strong  odor,  resembling  that  of  ants;  it  boils  at  212°  F.,  and  crys- 
talizes  at  32°  F.  The  formiates  are  an  extensive  class  of  salts 
resembling  the  acetates  and  soluble,  but  are  not  employed. 

Chloroform— Ter chloride  of  Formyle;  FoCl3.— This  may  be 
obtained  by  the  direct  action  of  chlorine  on  chloride  of  methyle 
(C2H  CI)  in  the  sun's  rays  ;  chlorine  takes  the  place  of  two  atoms 
of  hydroo-en  and  C2HCI3  is  produced.  On  a  large  scale  it  is 
formed  by  the  distillation  of  a  solution  of  chloride  of  lime  with 
alcohol  or  wood  spirit;  the  product  is  to  be  purified  by  shaking 
with  water,  digesting  on  chloride  of  calcium,  and  finally  distilling 
from  concentrated  sulphuric  acid.  It  is  a  colorless,  oily,  volatile 
fluid  of  an  agreeable,  ethereal  odor,  and  sweet,  hot  taste  ;  its  sp.  gr. 
is  148  and  boiling  point  141.4.  It  is  inflamed  with  difficulty, 
and  burns  with  a  greenish  flame.     It  is  converted  by  an  alcoholic 
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solution  of  potash  into  formiate  of  potash,  and  chloride  of  potas- 
sium. Besides  this  terchloride  of  formyle  there  are,  according  to 
Liebig,  a  proto  and  deutochloride. 

Chloroform  has  been  for  some  time  recommended  as  a  substi- 
tute for  ether,  being  more  agreeable  in  flavor  and  more  active; 
an  alcoholic  solution  is  used  as  a  stimulant,  antispasmodic  and 
narcotic;  the  dose  is  from  five  to  twenty  drops  in  a  diluted  state. 
We  owe  to  Dr.  Simpson,  of  Edinburgh,  the  introduction  of  this 
body  into  medicine  as  a  soporific  agent.  It  is  more  rapid  in  its 
action  than  ether,  thirty  drops  producing  insensibility,  when  the 
vapor  is  inhaled  from  a  sponge  placed  between  the  teeth;  but  it 
is  more  irritating,  and  sometimes  produces  considerable  bron- 
chitic  irritation  and  some  debility.  (See  ether  for  further  re- 
marks on  the  subject).  Iodoform  and  many  other  ethereal  bodies, 
have  also  anaesthetic  properties. 

Iodoform  and  bromoform  have  not  -been  employed.  Bouchar- 
dat  also  announces  a  sulphuret  FoS3. 

Other  Compounds  derived  from  Methyle  and  Formyle.— 
Chlorine  acts  on  the  compounds  of  methyle  in  the  same  way  as 
on  ethyle,  producing  the  gradual  substitution  of  the  hydrogen, 
but  these  compounds  are  only  curious  in  connection  with  the  doc- 
trine of  types. 

Sulphuretted  Hydrogen  and  solution  of  potash  act  on  sulpho- 
methylate  of  potash,  on  sulphovinate  of  lime,  producing  com- 
pounds in  which  the  oxygen  is  replaced  by  sulphur.  The  former 
is  termed  methyh-mercaptun,  C2H4S2;  the  latter  mercaptun, 
C4H6S2,  which  severally  represent  wood  spirit  and  alcohol,  with 
sulphur  in  the  place  of  the  oxygen.  These  are  colorless  fluids, 
with  an  odor  resembling  that  of  onions. 

Formomethylal,  or  Methylal,  is  obtained  by  distilling  wood 
spirit,  oxide  of  manganese,  and  dilute  sulphuric  acid,  and  saturat- 
ing the  product  with  potash.  It  is  an  ethereal,  colorless  liquid, 
of  an  agreeable  aroma,  soluble  in  water,  very  inflammable,  sp.  gr. 
0.855,  boiling  point  107.6°  F.  Graham  regards  it  as  a  com- 
pound of  an  hydrated  oxide  of  formyle  (C2H,0+HO)  with  two 
atoms  of  oxide  of  methyle  or  Fo,0  +  HO  +  2(MeO),  but  Regnault 
regards  it  as  a  new  compound,  similar  to  acetal,  and  gives  it  the 
name  of  methylal. 


OTHER  PRODUCTS  OF  THE  DISTILLATION  OF  WOOD. 

Gmelin  discovered  an  empyreumatic  liquid  in  the  wood  spirit 
of  commerce,  to  which  he  has  given  the  name  of  lignone;  it  is 
also  called  Hylite — the  existence  of  another  light  ethereal  body 
has  also  been  announced  in  the  same  fluid  by  Weidmann  and 
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Schweizer,  and  called  mesite;  these  form  numerous  bodies  by 
the  action  of  potash,  sulphuric  acid  and  other  reagents.  The  tar 
which  passes  over  is  remarkably  rich  in  compounds,  and  when 
distilled  alone  or  with  water,  is  resolved  into  several  oily  bodies, 
and  pitch  is  left  behind.  Bituminous  coal  and  resinous  wood 
also  yield  tar,  which  have  different  properties  from  the  above. 
Hence  there  are  wood  tar,  pine  tree  tar,  and  coal  tar. 

Wood  tar  contains  eupione,  creasote,  paraffine,  pittakal,  pica- 
mar  and  other  bodies. — Paraffine  (CH),  tar  oil  stearine,  is  ob- 
tained from  the  densest  oil  of  tar;  it  is  a  volatile  fat,  remarkable 
for  its  chemical  indifference. — Eupione  (C5H6)  is  derived  from 
the  light  oil  of  tar;  it  is  the  lightest  fluid  known,  having  a  sp.  gr. 
of  0.655 ;  is  colorless,  limpid,  and  of  an  agreeable  aromatic 
odor;  it  burns  with  a  bright,  luminous  flame. — Picamar  is  a 
viscid,  oily  liquid,  of  an  intensely  bitter  taste,  derived  from  the 
heavy  oil  of  tar. — Pittakal  is  a  dark  blue  solid,  like  indigo,  ob- 
tained from  the  heavy  oil. 

Creasote  is  the  only  one  of  these  products  which  has  yet  been 
put  to  any  useful  purposes.  It  is  extracted  from  the  heavy  oil  of 
wood  tar,  by  a  very  tedious  process.  When  pure  it  is  colorless, 
of  an  oily  appearance,  with  a  high  refractive  and  dispersive 
power.  It  has  a  penetrating  odor  of  smoke  and  a  caustic  taste, 
its  sp.  gr.  is  1.037,  and  the  boiling  point  397°  F.  It  inflames 
with  difficulty,  and  burns  with  a  smoky  flame :  its  composition 
is  unknown.  When  creasote  is  added  to  water,  about  1.25  per 
cent,  is  dissolved,  but  if  water  be  slowly  added  to  a  large  quantity 
of  creasote,  about  10  per  cent,  is  taken  up.  Alcohol,  acetic  acid, 
and  ether  unite  with  it  in  any  proportions.  Concentrated  sul- 
phuric acid  with  heat  blackens  and  destroys  it,  but  potash  unites 
readily  with  it,  and  forms  a  pearly  crystalline  solid. 

It  is  a  remarkable  solvent  of  vegetable  bodies,  dissolving  indigo, 
madder,  litmus,  dragon's  blood,  cochineal  and  other  bodies  when 
warmed  with  them.  But  its  most  remarkable  property  is  its  in- 
tense affinity  for  albumen  and  probably  other  compounds  of  pro- 
teine,  which  it  coagulates  even  when  in  the  dilute  state  ;  hence  it  is 
the  most  powerful  antiseptic,  as  it  hinders  the  changes  occurring 
in  ferments.  The  action  of  smoke  in  preserving  meats,  is  due  to 
the  presence  of  creasote. 

The  dilute  solution,  which  contains  but  11  parts  in  a  hundred 
of  water,  coagulates  albumen,  and  therefore  preserves  meats,  im- 
parting to  them  the  flavor  acquired  by  smoking.  This  solution 
is  also  powerfully  styptic  and  desiccative.  If  an  ulcer  be  washed 
with  the  water,  the  albuminous  fluids  on  its  surface  become  coa- 
gulated and  form  a  white  pellicle;  when  applied  to  a  bleeding 
artery  it  forms  a  coagulum.  In  consequence  of  this  property,  a 
solution  is  employed  as  a  styptic  and  stimulating  lotion,  and  it  is 
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understood  that  the  aqua  Binelli  is  of  this  nature.  It  is  used  in 
the  concentrated  state  as  a  remedy  for  the  toothache,  a  little 
being  placed  by  a  probe  in  the  hollow  of  the  tooth,  coagulates  the 
albumen  of  the  nerve  and  renders  it  insensible.  An  ointment 
containing  f^ss,  to  an  ounce  of  lard,  is  employed  as  an  application 
to  chronic  skin  diseases,  and  as  a  stimulant  to  chronic  ulcers,  fti 
these  cases  it  acts  like  the  tar  ointment  (unguentum  picis)  which 
contains  creasote.  It  is  not  now  used  internally^  for  in  the  dose 
of  a  few  drops  it  creates  considerable  gastric  irritation  with  vomit- 
ing, and  has  proved  fatal  in  thirty-six  hours,  in  the  dose  of  two 
drachms.  The  best  antidote  is  white  of  eggs,  to  be  followed  by 
the  removal  of  the  contents  of  the  stomach.  Tar  water,  most 
empyreumatic  oils  and  crude  pyroligneous  acid  contain  this  body. 
In  the  ancient  process  of  embalming,  tar  was  employed,  and  the 
antiseptic  agent  was  therefore  creasote. 

The  Eremacatjsis  of  Wood  and  the  Amylum  Bodies. — When 
the  trunk,  leaves  or  other  parts  of  a  tree  are  exposed  to  moisture 
and  air,  they  become  slowly  disintegrated.  The  first  action  is  of 
the  nature  of  fermentation,  for  carburetted  hydrogen  and  similar 
gases  pass  off',  and  little  oxygen  is  absorbed — moreover,  the  decay 
may  be  entirely  hindered  by  saturating  the  wood  with  the  metallic 
salts,  which  have  antiseptic  properties,  as  corrosive  sublimate, 
sulphate  of  copper,  iron,  zinc,  &c. ;  but  after  the  first  action,  erema- 
causis  sets  in,  oxygen  is  absorbed,  and  water  and  carbonic  acid 
formed.  By  these  changes,  a  brown  or  blackish  friable  body  is 
produced,  called  humus  ;  this,  by  the  action  of  alkalies,  becomes 
humic  acid,  and  enters  into  combination  with  bases.  The  apo- 
crenic  acid  is,  according  to  Mulder,  a  humate  of  ammonia.  Humus 
is  insoluble,  tasteless,  solid,  and  nearly  unchangeable ;  whilst  the 
humic  acid  and  humates  rapidly  decay  in  the  air,  yielding  water 
and  carbonic  acid.  If  there  be  much  nitrogen  in  the  vegetable 
matter,  it  is  first  changed  into  ammonia  and  then  nitric  acid. 

If  these  changes  be  carried  on  under  pressure,  the  vegetable 
matter  becomes  converted  into  coal,  and  the  variety,  whether  it  be 
lignite,  bituminous  coal,  or  anthracite,  depends  upon  the  age  of  the 
substance,  the  temperature  to  which  it  has  been  submitted,  and 
other  causes.  Lignite  has  the  appearance  of  condensed  charcoal, 
but  is  brown,  and  contains  hydrogen,  as  well  as  carbon.  Bitu- 
minous coal  also  contains  hydrogen,  whilst  anthracite  is  nearly,  if 
not  altogether,  free  from  this  element.  By  subjecting  bituminous 
coal  to  a  red  heat,  it  gives  off  carburetted  hydrogen  and  other  pro- 
ducts, besides  a  tarry  matter. 

Coal  tar  differs  from  wood  tar  in  its  components,  and  more 
nearly  resembles  pine  or  common  tar.  By  distillation  it  yields 
coal  naphtha,  naphthaline,  carbonic  acid,  and  other  bodies ;  the  last 
of  these  is  almost  identical  with  creasote.     Coal  naphtha  is  a 
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complex  body,  the  bulk  of  which  is  a  volatile  oily  body,  of  pecu- 
liar odor,  and  resembling  eupione.  There  are  found  in  various 
parts  of  the  earth,  as  in  Italy,  Persia,  Ohio,  Trinidad  and  Barba- 
does,  in  the  West  Indies,  substances  resembling  tar,  pitch,  and 
naphtha.  These  are  called  mineral  pitch,  or  asphaltum,  mineral 
tar,  or  petroleum,  and  rock  oil,  or  naphtha.  They  resemble  the 
products  of  coal  tar  closely,  and  are  supposed  to  arise  from  the 
action  of  volcanic  heat,  or  the  heat  of  the  earth,  on  beds  of  bitu- 
minous coal. 

To  Preserve  Timber. — It  has  been  stated  that  the  first  action 
in  the  disorganization  of  wood  is  of  the  nature  of  fermentation ; 
now  if  we  hinder  this  from  occurring  the  timber  will  be  preserved. 
Mr.  Kyan  originally  proposed  corrosive  sublimate  {bichloride  of 
mercury)  for  this  purpose,  and  the  process  has  been  hence  termed 
Kyanizing.  The  fresh  logs  are  introduced  into  a  tank  containing 
the  corrosive  sublimate  in  solution,  and  this  permeates  the  fibres 
of  the  wood  in  every  direction,  forming  an  insoluble  and  indestruc- 
tible compound  with  the  albumen  and  other  proteine  compounds 
susceptible  of  decay.  In  the  course  of  a  few  days  the  timber 
is  rendered  proof  against  dry  rot  or  fungus,  and  becomes  only  par- 
tially combustible. 

It  has  been  found  that  sulphate  of  copper,  acetate  of  lead, 
acetate  or  pyrolignite  of  iron,  and  other  metallic  salts,  which  are 
very  much  cheaper  than  corrosive  sublimate,  answer  the  same 
purpose.  To  M.  Boucherie  we  are  indebted  for  great  improve- 
ments in  the  preservation  of  timber.  In  his  process,  the  opera- 
tion is  conducted  in  the  forest,  in  spring  and  summer.  _  The 
^summit  of  the  tree  is  first  lopped  so  as  to  present  a  stick  of 
timber,  it  is  then  sustained  in  the  erect  position  by  means  of  ropes 
and  a  proper  mechanical  contrivance,  and  then  severed  from  the 
root  in  the  usual  manner.  A  temporary  basin  is  next  constructed 
in  the  upper  end  of  the  trunk,  and  a  solution  of  pyrolignite  of 
iron  (common  red  liquor  of  the  vinegar  distillers)  poured  into  it. 
This  liquid  entering  the  pores  of  the  wood,  gradually  penetrates 
from  above  downwards,  displacing  the  sap,  which  runs  out  from 
the  cut  surface  in  enormous  quantities.  As  one  portion  of  so  u- 
tion  is  absorbed,  another  is  added,  until  its  presence  can  be  de- 
tected in  the  fluid  streaming  out  below;  and  at  this  stage  the  ope- 
ration is  complete.  The  salt  of  iron  acts  by  forming  indestructible 
compounds  with  the  albumen,  and  the  wood  will  be  found  much 
heavier,  and  scarcely  inflammable  after  the  process.  This  is  the, 
cheapest,  most  ready,  and  quickest  method  of  attaining  the  end 

in  view.  ,  .      .  .    ,      .   .     »     ■ 

Wood  may  be  permanently  dyed  in  the  grain  by  introducing 
metallic  coloring  matters.  A  fine  black  is  given  by  first  passing 
a  solution  of  oak  bark,  or  any  other  substance  containing  tannic 
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acid  through  the  trunk,  and  then  following  it  by  a  solution  of  py- 
rolignite  of  iron  ;  the  two  mix,  and  form  tannate  of  iron,  which 
is  the  basis  of  black  ink.  If  a  weak  solution  of  the  prussiate  of 
potash  be  followed  by  a  weak  solution  of  the  salt  of  iron,  prussian 
blue  is  produced,  dyeing  the  wood  permanently.  A  fine  yellow 
is  formed,  by  first  passing  chromate  of  potash,  and  then  acetate  of 
lead.  To  succeed  in  these  operations,  a  white  wood  with  open 
pores  is  necessary,  the  tulip  tree  answers  in  many  cases;  and, 
secondly,  the  solutions  must  be  feeble,  otherwise  the  insoluble 
products  entirely  fill  up  the  upper  pores,  and  hinder  the  further 
penetration  of  the  reagent.  This  constitutes  the  basis  of  a  highly 
interesting  and  valuable  art,  which  has  not  yet  attained  any  deve- 
lopment. 


OTHER  COMPOUND  RADICALS,  AND  THEIR  DE- 
RIVATIVES. 

Besides  the  compound  radicals  derived  from  the  amylum  series, 
already  entered  on,  there  are  several  closely  allied  to  them  which 
are  produced  by  the  fermentation  of  peculiar  bodies,  or  within  the 
structure  of  plants;  the  chief  of  these  are  amyle,  benzyle,  sali- 
cyle  and  cinnamyle.  Others,  as  cumyle,  allyle,  &c,  are  scarcely 
determined,  and  are  not  of  sufficient  interest  to  detain  us. 


THE  AMYLE  SERIES. 

Amyle  is  a  hypothetical  body,  supposed  to  exist  in  the  oil 
derived  from  the  distillation  of  whisky,  potatoe  brandy  and  other 
alcoholic  fluids.  It  is  the  product  of  a  peculiar  fermentation.  Its 
compounds  are  numerous,  as  appears  from  the  table. 

Amyle,  symbol  Ayl      -         -         -  CI0Hn 
llydratcd  oxide  of  amyle  (potatoe  oil)     AylO-j-HO 

Chloride  of  amyle        ...  Ayl,Cl 

Iodide  of  amyle  ...  Ayl. I 

Acetate  of  oxide  of  amyle  -  Aylb+C4H303 

Sulph  amylie  acid         -         -         -  AylO-j-2b03+HO 
&c.  &c. 

Hydrated  Oxide  of  JJi/mh — Jlmilic  Alcohol;  Fusel  Oil; 
Potatoe  Oil;  Oil  of  Grain  Spirits;  AylO  +  HO. — This  is  the 
body  which  imparts  the  disagreeable  and  penetrating  odor  to 
whisky  and  potato  brandy;  it  passes  over  in  large  quantities  in  the 
distillation  of  these  bodies  from  the  fermented  wash.  In  the  pure 
state,  it  is  a  thin  fluid,  of  a  suffocating  odor  and  burning  taste  ;  it 
is  slightly  inflammable;  sp.  gr.  0.818,  and  boiling  point  262°  F. 
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It  has  the  structure  of  alcohol,  and  like  it,  forms  an  acid  with  sul- 
phuric acid,  the  sulphamylic  resembling  the  sulphovinic,  except 
that  it  is  not  resolved  by  heat  into  an  ether.  The  vapor  of  potatoe 
oil  is  very  irritating,  and  if  inhaled,  causes  spasmodic  pains  in  the 
chest,  with  coughing  and  sometimes  vomiting.  The  vapor  slowly 
oxydizes  in  the  air,  and  is  converted  into  valerianic  acid,  by  erema- 
causis. 

The  acetate  of  oxide  of  amyle  is  an  ethereal  body  like  acetic 
ether,  and  is  acted  on  in  the  same  way  by  chlorine. 

Compounds  derived  from  the  Amyle  Series. — In  the  same  way 
that  acetic  acid  is  obtained  by  the  oxydation  of  alcohol,  so  vale- 
rianic acid  is  produced  by  the  eremacausis  of  amilic  alcohol,  and 
this  is  the  chief  of  the  derivatives  of  the  amyle  bodies. 

Valerianic  Acid  (C10H9O3)  is  a  thin,  colorless,  oily  fluid,  of  the 
odor  of  the  officinal  valerian;  it  is  acid,  of  a  sharp  taste,  and  burns 
with  a  smoky  flame.  It  forms  a  compound  with  one  atom  of 
water,  and  is  slightly  soluble  in  that  menstruum.  This  acid  also 
comes  over  when  valerian  root  is  distilled  with  water,  mixed  with 
the  pure  essential  oil  of  valerian,  of  which  it  appears  to  be  an 
oxide,  as  this  becomes  changed  into  the  acid  by  exposure  to  air. 

As  it  is  a  medicine  of  great  value,  the  process  for  obtaining  the 
artificial  acid  in  large  amounts  is  useful.  This  is  accomplished 
by  adding  one  part  of  oil  of  potatoe  to  ten  parts  of  a  mixture  of 
equal  parts  of  quicklime  and  fused  potash,  heating  them  from  ten 
to  twelve  hours  by  a  bath  of  oil  or  fusible  metal  (a  mixture  of  eight 
parts  by  weight  of  bismuth,  five  of  lead  and  three  of  tin),  raised 
from  320°  to  400°  F.  When  cold,  the  white  mass  is  removed 
by  breaking  the  vessel,  quickly  immersed  into  cold  water,  a  slight 
excess  of  sulphuric  acid  added,  and  the  whole  distilled.  Water 
and  the  hydrated  valerianic  acid  pass  over,  and  are  readily  sepa- 
rated. The  hydrated  acid  is  resolved  by  distillation  into  water, 
which  passes  over  first,  and  then  anhydrous  acid. 

The  artificial  acid  is  said  to  have  all  the  properties  of  valerian, 
as  a  nervous  stimulant  and  antispasmodic,  but  it  is  not  used  alone. 
Combined  with  quinine  and  zinc,  it  has  been  highly  recommended. 
The  valerianates  are  mostly  soluble,  and  are  decomposed  by  the 
stronger  acids. 

The  valerianate  of  zinc  is  formed  by  the  action  of  the  diluted 
acid,  with  the  assistance  of  heat  on  carbonate  of  zinc;  the  solution 
is  filtered  and  evaporated  until  it  forms  crystals  on  cooling.  Ac- 
cording to  Dr.  Neligan  it  is  a  tonic  and  antispasmodic,  of  the  high- 
est value  in  neuralgias,  and  cases  attended  with  loss  of  tone  in  the 
system,  as  hysteria!  According  to  Devay  and  Neligan,  the  pre- 
paration is  superior  to  an  extemporaneous  mixture  of  carbonate 
of  zinc  and  oil  of  valerian.  The  dose  is  from  |ths  of  a  grain  to 
one  grain  two  or  three  times  a  day.  All  acids,  the  alkaline  car- 
24 
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bonates,  most  metallic  salts  and  astringent  solutions,  are  incom- 
patible. 

Valerianate  of  Quinine  is  another  body  of  the  highest  value  as 
a  nervous  tonic  and  antiperiodic.  It  is  formed  by  digesting  quinine 
with  a  strong  solution  of  the  acid  with  the  assistance  of  heat.  The 
dose  is  from  one  to  two  or  three  grains  twice  or  thrice  daily.  It 
has  to  be  exhibited  like  the  above,  almost  alone. 

Chlorine  acts  on  valerianic  acid,  in  the  presence  of  light,  nearly 
in  the  same  way  as  on  acetic  acid,  forming  chlorovalerisic  acid 
and  chlorovalerosic  acid,  in  the  former  of  which  three  atoms  of  hy- 
drogen are  substituted,  and  in  the  latter  four  by  chlorine. 

THE  BENZYLE  SERIES. 

Benzoic  acid  and  the  oil  of  bitter  almonds  contain  this  hypothe- 
tical radical,  the  principal  compounds  of  which  are  : 

Benzyle,  symbol  Bz    -         -  CuH502 

Hyduret  of  benzyle     -         -  Bz,H 

Oxide  of  benzyle  (benzoic  acid)  Bz,0 

Chloride  of  benzyle     •  -  Bz,CL 

Ainidide  of  benzyle  (bcnzamidc)  Bz,Ad 
&c.  &c. 

Hyduret  of  Benzyle — Oil  of  Bitter  Almonds,  Bz,H. — This, 
which  is  the  pure  essential  oil  of  bitter  almonds,  is  obtained  from 
the  cake  left  after  the  expression  of  the  fixed  or  sweet  oil;  for  this 
purpose  it  is  macerated  in  water  and  then  distilled.  There  passes 
over  the  oil,  mixed  with  hydrocyanic  acid  and  water,  and  to  ob- 
tain it  pure,  it  is  formed  into  a  paste  with  slaked  or  hydrate  of 
lime,  chloride  of  iron  and  water,  and  redistilled;  in  this  way  the 
hydrocyanic  acid  is  separated.  It  is  now  a  thin,  colorless  liquid, 
of  great  refractive  power,  agreeable  and  powerful  odor,  sp.  gr. 
1.013,  and  boiling  at  356°.  It  is  very  volatile,  soluble  in  30  parts 
of  water,  and  mixes  with  alcohol  and  ether.  Its  vapor  is  inflam- 
mable, and  the  oil  exposed  to  air  absorbs  oxygen,  and  becomes 
changed  into  crystals  of  benzoic  acid. 

The  pure  oil  is  said  not  to  be  poisonous,  but  the  oil  of  com- 
merce, which  has  a  yellow  color,  contains  a  variable  amount  of 
hydrocyanic  acid,  from  eight  to  fifteen  per  cent.,  and  is  almost  as 
active  as  the  strong  acid  itself — one  drop  having  killed  a  cat. 
This  oil  is  used  in  medicine  in  the  same  cases  as  prussic  acid, 
but  it  ought  not  to  be  employed  from  its  very  changeable  nature, 
some  old  specimens  containing  no  acid  at  all.  Dissolved  in  alcohol, 
as  the  essence  of  bitter  almonds,  it  is  extensively  employed  in  the 
kitchen  and  by  the  perfumer.  Poisoning  by  it  has  several  times 
occurred,  and  is  to  be  treated  in  the  same  way  as  by  hydrocyanic 
acid. 
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The  oil  is  produced  from  the  bitter  almond,  by  a  peculiar 
fermentation.  The  seeds  do  not  contain  it,  but  a  principle  called 
amygdaline,  which  is  changed  by  the  action  of  water  and  warmth 
in  the  presence  of  a  ferment,  derived  from  the  albumen  of  the 
seed,  and  called  emulsin  or  synctptase.  The  amygdaline  is  a 
white  crystalline  solid,  readily  extracted  from  the  almond,  peach, 
and  other  bodies  by  alcohol;  in  the  pure  state  it  is  permanent,  and 
has  the  composition  CJ0H27NO22.  Mixed  with  water  in  the  pulp 
of  the  almond,  and  thrown  into  fermentation  by  the  emulsin,  it 
becomes  resolved  into  two  atoms  of  bitter  almond  oil,  one  of  hydro- 
cyanic acid,  &c,  according  to  the  following  table: 

1  atom  of  amygdaline    ...         C40H27NO22 

yields  

2  atoms  of  oil  of  bitter  almond         -         C28  H,2     04 
1  atom  of  hydrocyanic  acid     -  -  C2    H    N 

1  atom  of  sugar      -         -         -  _       -         C6    H5      0- 

2  atoms  of  formic  acid  C4    H2      Og 
7  atoms  of  water            ...  H7      07 

^40  "27  N  O22 

This  case  is  given  because  it  explains  the  production  of  hydro- 
cyanic acid  in  cherry  laurel  water,  from  peach  kernels,  &c,  and 
an  illustration  of  the  frequency  of  the  action  of  fermentation  in 
organic  bodies.  A  very  similar  action  takes  place  in  mustard, 
for  the  production  of  the  acrid  oil;  which  does  not  exist  in  the 
seeds,  but  is  the  result  of  the  fermentation  by  synaplase,  on  a 
principle  called  myrosyne. 

There  is  an  isomeric  body  formed  in  the  purification  of  the  oil 
of  bitter  almonds,  and  called  benzoine,  which  is  a  solid,  little  solu- 
ble, and  reconvertible  by  a  red  heat  into  the  oil;  it  also  changes 
into  benzilic  acid,  in  contact  with  an  alcoholic  solution  of  potash. 

Oxide  of  Benzyle— Benzoic  Jlcid,  BzO.— This  is  the  product 
of  the  oxydation  of  the  hyduret  of  benzyle,  but  exists  in  the  bal- 
sams, especially  gum-benzoin,  from  which  it  is  readily  obtained 
by  sublimation.  It  is  better  prepared  by  boiling  the  pounded 
gum  with  hydrate  of  lime  and  water,  filtering  and  partially  evapo- 
rating the  solution,  then  adding  sufficient  hydrochloric  acid  to 
unite  with  the  lime.  The  benzoic  acid  crystallizes  out  in  beau- 
tiful white  scales  of  a  pearly  lustre,  as  the  mixture  cools.  It  may 
be  had  pure  by  pressing  between  the  folds  of  a  cloth,  drying,  and 
then  subliming. 

It  is  without  odor  when  cold,  but  has  a  pleasant  smell  when 
warm ;  melts  below  248°,  and  boils  at  462°  F.j  one  part  dissolves 
in  200  of  cold  and  25  of  hot  water.  It  contains  an  atom  of  basic 
water,  which  is  replaced  by  metallic  oxides  in  the  benzoales, 
which  are  not  important  compounds.  The  vapor  of  the  acid  ex- 
cites coughing. 
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Benzoic  acid  is  not  much  employed  in  medicine,  but  it  is 
regarded  as  a  stimulating  expectorant,  diaphoretic  and  diuretic; 
and  the  properties  of  benzoin,  tolu  and  other  balsams,  are  attri- 
buted to  its  presence. 

Hippuric  Jicid. — When  benzoic  acid  is  taken  internally,  hip- 
puric  acid  is  found  in  the  urine.  This  is  a  prominent  ingredient 
in  the  urine  of  cows,  and  herbivorous  animals.  According  to 
Liebig,  this  acid  is  a  regular  component  of  human  urine.  It  is 
allied  to  benzoic  acid,  being  converted  into  it  by  the  action  of  hot 
sulphuric  acid;  by  heat  alone  it  is  resolved  into  benzoic  acid, 
benzoate  of  ammonia,  a  fragrant  oil  and  coaly  body.  Its  formula 
is  C]8H8N  O5+HO.  In  the  pure  state  it  exists  in  long,  slender, 
milk  white  and  brittle,  square  prisms,  almost  insoluble,  with  a 
bitter  taste  and  acid  reaction.  It  may  be  obtained  in  any  quantity 
by  taking  benzoic  acid  and  allowing  the  urine  to  putrefy,  when  it 
will  be  found  in  the  crystallized  state  in  that  fluid. 

The  benzoate  of  ammonia  is  recommended  by  Dr.  Seymour  as 
a  diuretic  in  gout. 

Other  Compounds  of  Benzyle  exist,  such  as  the  chloride, 
formed  by  the  action  of  chlorine  on  oil  of  bitter  almonds ;  the 
compound  with  amidogene,  called  Benzamide  (C)4H7N02),  which 
is  similar  to  oxamide ;  and  also  compounds  with  sulphuric  acid 
(Sidphobenzoic  acid),  with  sulphur  (Sulphobenzide) ;  with  nitro- 
gen, chlorine,  &c,  which  are  not  of  any  known  value. 

THE    SALIC VLE    SERIES. 

It  has  been  long  known  that  the  young  bark  of  several  species 
of  willow,  of  the  aspen  and  poplars  yields  a  white,  crystalline  and 
indifferent  body,  of  a  bitter  taste,  and  resembling  quinine.  This 
has  also  febrifuge  qualities,  and  is  termed  Salicine.  It  is  con- 
nected with  a  compound  radical  or  basyle,  salicyle,  which  yields 
several  interesting  bodies. 

Salicine  is  obtained  by  macerating  the  young  bark  in  boilino- 
water,  concentrating  the  solution,  digesting  with  powdered  oxide 
of  lead,  then  acting  on  the  mixture  by  sulphuretted  hydrogen  to 
separate  the  lead,  filtering,  and  evaporating  the  solution  until  the 
salicine  crystallizes  "out  on  cooling.  It  is  to  be  further  purified 
by  redissolving,  filtering  through  animal  charcoal  and  re-crystal- 
lizing. Salicine  differs  from  quinine  in  containing  no  nitrogen,  its 
formula  being  C2,H,4On.  It  does  not  form  salts  with  acids,  and 
is  much  less  active  than  that  alkaloid.  Sulphuric  acid  colors  it  of 
a  deep  red  by  which  it  may  be  readily  distinguished  from  quinine. 

It  is  associated  in  the  bark  of  the  aspen  and  other  trees,  with  a 
sweet,  silky  body  called  populine,  nearly  resembling  it  in  appear- 
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ance,  but  of  a  sweet  taste,  and  not  known  to  have  febrifuge  pro- 
perties. 

The  principal  salicyle  compounds  are — 

Salicyle,  symbol  SI  -         -  C,4H504 

Hydrosalicylic  acid  -         -  Sl,H 

Salicylic  acid  ...  $1,0 

Iodide  of  salicyle  ...  S1,I 
&c.  &c. 

It  will  be  perceived  that  the  formula  for  the  hypothetical  radi- 
cal is  the  same  as  that  for  benzyle  plus  two  atoms  of  oxygen, 
showing  how  close  is  the  connection  of  organic  bodies. 

Hydrosalicylic  Acid — Hyduret  of  Salicyle  ;  Oil  of  Spiraea  or 
Meadow  Sweet ;  S1,H. — This  artificial  oil,  procured  by  distilling 
a  mixture  of  water,  salicine  and  sulphuric  acid,  is  identical  with 
the  fragrant  natural  oil  of  the  Spiraea  ulmaria.  It  is  a  limpid 
volatile  oil,  boiling  at  385°,  with  acid  properties.  It  contains  the 
same  elements  as  crystallized  benzoic  acid. 

Mixed  with  a  strong  solution  of  potash,  its  hydrogen  is  replaced 
by  potassium,  and  there  is  formed  the  Salicyluret  of  Potassium 
(S1,K).  This  forms  large  crystalline  tables  of  a  golden  yellow 
color,  alkaline  reaction  and  greasy  feel.  In  a  moist  state,  the  crys- 
tals undergo  spontaneous  decomposition,  changing  to  a  sooty  body 
called  Melanic  Acid  (C]0H4O5)  and  acetate  of  potash.  Other  sali- 
cylurets  are  also  formed  by  bringing  bases  in  contact  with  the 
acid.  The  oil  of  Gaultheria  procumbens  is  supposed  to  contain  a 
substance  very  similar  to  the  hydrosalicylic  acid. 

Salicylic  Acid,  S10,  very  much  resembles  benzoic  acid,  being 
readily  sublimed,  slightly  soluble,  &c. ;  its  salts  are  scarcely 
known. 

The  compounds  of  chlorine,  bromine  and  iodine  are  made  by 
the  action  of  these  agents  on  the  hyduret;  they  are  not  used. 

Phloridzine. — This  is  an  interesting  crystalline  body  derived 
from  the  bark  of  the  root  of  the  apple,  pear,  plum  and  similar 
trees,  and  closely  resembling  salicine  in  appearance  and  virtues. 
Ten  to  twenty  grains  are  capable  of  arresting  an  intermittent  as 
completely  as  quinine.  It  is  obtained  by  the  action  of  strong  boil- 
ing alcohol  on  the  bark  cut  into  small  pieces.  The  solution  is  fil- 
tered, and  by  distillation  the  spirit  is  removed  ;  the  crystals  may 
be  further  purified  by  re-solution,  and  filtering  through  animal 

It  forms  colorless,  silky  prisms,  is  neutral,  bitter,  scarcely  solu- 
ble in  cold  water,  but  readily  dissolves  in  hot  water,  or  alcohol. 
Its  formula,  according  to  Mulder,  is  C42H23018+3HO ;  hence  it 
appears  to  be  an  oxide  of  salicine.  ...         , 

If  we-boil  phloridzine  with  a  dilute  acid  (except  the  nitric  and 
chromic),  it  is  resolved  into  a  crystalline  body  called phloreline 
1  24* 
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and  glucose;  a  similar  change  occurs  when  the  same  operation  is 
carried  on  with  salicine. 

Phloridzeine  is  a  rich  red  substance,  soluble  in  ammonia,  and 
precipitated  by  acids.  It  is  formed  by  the  action  of  air  and  am- 
monia on  moist  phloridzine,  and  has  the  formula  C42H20N2O26,  in- 
dicating the  absorption  of  ammonia  and  oxygen.  When  evaporated 
to  dryness  in  vacuo,  and  mixed  with  solution  of  caustic  potash, 
it  forms  a  rich  blue  solid,  of  a  copper-like  exterior,  resembling 
indigo,  and  soluble  in  water. 

THE  CINNAMYLE  SERIES. 

The  essential  oil  of  cinnamon  has  a  chemical  affinity  to  oil 
of  bitter  almonds  ;  it  is  also  found  to  contain  a  hypothetical  radical, 
of  which  several  compounds  are  known. 

Cinnamyle,  symbol  Ci    -         -         -         -  CI8H702 

Hyduret  of  cinnamyle  (oil  of  cinnamon)  Ci,H 

Oxide  of  cinnamyle  (cinnamic  acid)         -  Ci,0 

Chloride  of  cinnamyle  -  Ci,Cl 
&c.  &c. 

Hyduret  of  Cinnamyle — Essential  Oil  of  Cinnamon ;  CiH. — 
This  is  obtained  by  distilling  cinnamon  with  salt  water;  the  oil 
passes  over,  is  of  a  characteristic  odor,  and  heavier  than  water. 
It  is  well  known  as  a  stimulating,  aromatic  and  astringent  sub- 
stance. 

Cinnamic  Jicid;  CiO. — When  fine  oil  of  cinnamon  is  exposed 
in  a  tall  vessel  to  air,  oxygen  is  absorbed,  and  it  changes  into  a 
white  crystalline  body,  which  is  cinnamic  acid.  .  This  is  found  in 
old  Tolu  and  Peruvian  balsams,  associated  with  benzoic  acid,  with 
which  it  is  analogous.  Indeed,  if  it  be  distilled  with  a  mixture 
of  strong  solution  of  bichromate  of  potash  and  sulphuric  acid,  it 
is  converted  into  benzoic  acid  ;  and  finally  water  and  oil  of  bitter 
almonds  pass  over.  The  cinnamates  are  mostly  soluble,  and 
resemble  the  benzoates.  Chlorine  produces  a  number  of  com- 
pounds with  cinnamyle,  when  passed  through  oil  of  cinnamon. 


THE  VEGETABLE  ACIDS. 

The  vegetable  acids  are  very  common- in  plants  ;  they  usually 
abound  in  fruits,  but  some,  as  the  tannic,  are  mostly  found  in  the 
bark  and  root ;  others,  as  the  oxalic  and  acetic,  in  the  juices. 
They  exhibit  an  excess  of  oxygen  over  the  amylum  bodies,  and 
seem  to  be  produced  by  the  oxydation  of  these  substances  in  the 
plant ;  for  some,  as  the  oxalic  and  acetic  acids,  can  be  obtained 
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artificially  by  this  process.  They  are  often  associated  with  essen- 
tial oils,  especially  in  the  bark  and  fruits,  and  as  these  products 
are  remarkable  for  a  deficiency  of  oxygen,  the  two  classes  of  acids 
and  oils  may  result  from  one  action  impressed  on  the  amylum 
bodies.  The  acids  are  of  subordinate  importance  ;  they  can  be 
scarcely  considered  as  food,  and  their  salts  are,  with  few  excep- 
tions, of  little  value.  The  chief  of  those  not  yet  described,  will  be 
found  in  the  following  list : 

Table  of  Vegetable  Acids. 

Tartaric  acid      -         -         -  CsH4OI0  4-2HO 

Citric  acid  -         -         -  C)2H5On-j-3HO 

Aconitic     ....  C4H03    -j-HO 

Malic         ....  C8H4Og  +2HO 

Tannic      ....  ClsH509-f3HO 

Gallic         ....  C7HU3    -J-2HO 

Tartaric  Acid— Acid  of  Grapes;  CbH40IO-f  2HO;  Tr.— This 
acid  exists  usually  united  with  potash  in  grapes,  tamarinds,  the 
pineapple,  &c.  That  in  commerce  is  obtained  from  argol,  which 
is  a  precipitate  thrown  down  during  the  fermentation  of  wines, 
and  consists  of  supertartrate  of  potash.  A  solution  of  this  body 
being  purified  by  animal  charcoal  and  recrystallized,  constitutes 
cream  of  tartar,  and  this  being  treated  first  with  lime,  and  then 
with  sulphuric  acid,  yields  the  tartaric  acid.  In  the  pure  state 
it  forms  colorless  crystals  having  a  figure  derived  from  the  oblique 
rhombic  prism,  of  an  intensely  sour  taste,  and  very  soluble. 

It  is  a  powerful  acid,  with  bibasic  action,  the  two  atoms  of  water 
being  replaced  by  metallic  oxides.  It  is  used  in  dyeing,  in  the 
formation  of  effervescing  powders,  and  as  a  refrigerant.  In  over 
doses  it  is  irritant;  in  such  cases,  magnesia  serves  as  an  antidote. 
In  the  laboratory  it  is  used  as  a  test  for  potash,  with  which  it 
forms  the  insoluble  supertartrate. 

Compounds. — The  principal  salts  of  tartaric  acid  are  the  hi- 
tartrate  of  potash,  supertartrate,  or  cream  of  tartar,  well  known  as 
a  refrigerant  and  laxative  ;  it  contains  KO,HO,Tr— the  tartrate  of 
antimony  and  potash,  or  tartar  emetic,  already  mentioned  in  the 
chapter  on  antimony — the  tartrate^'  potash  and  soda,  Rochelle 
salt  or  salt  of  Seignette  (KO,NaO,Tr+10Aq) ;  this  is  a  beautiful 
salt,  crystallizing  in  large,  clear  prisms ;  it  has  a  mild  taste,  and 
is  a  gentle  purgative  and  refrigerant,  of  great  value  in  infantile 
complaints.     The  tartrate  of  iron  is  a  mild  chalybeate. 

Derivatives. There  is  an  acid,  isomeric  with  the  tartaric  acid, 

found  in  the  grapes  of  the  Rhine,  and  called  racemic  or  paratar- 
taric  acid.  It  is  bibasic,  and  very  similar  to  tartaric  acid,  but 
differs  in  the  property  of  producing  a  precipitate  with  a  neutral 
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salt  of  lime.  The  racemates  are  nearly  identical  with  the  tar- 
trates in  other  respects. 

When  crystallized  tartaric  acid  is  exposed  to  a  temperature  of 
about  400°  F.,  it  melts,  loses  water,  and  becomes  changed  into 
first  tartralic  acid,  then  tartrelic,  and  finally  anhydrous  tartaric 
acid.  These  have  the  same  formula  as  tartaric  acid,  but  the  amount 
of  basic  water  differs ;  by  contact  with  water  they  are  all  restored 
to  the  tartaric  acid.  Another  body,  called  the  pyrotartaric  acid, 
somewhat  resembling  acetic  acid,  is  produced  by  the  destructive 
distillation  of  tartaric  acid  ;  the  formula  of  which  is  C6H305  +  HO. 

Citric  Acid — Acid  of  Lemons ;  CI2H5Ou  +  3HO ;  C. — This 
acid  gives  the  sour  taste  to  the  lemon  and  lime,  and  is  common  in 
numerous  fruits.  It  is  obtained  by  adding  chalk  to  the  clear 
juice  of  lemons,  by  which  the  insoluble  citrate  of  lime  is  formed, 
and  this  is  next  decomposed  by  dilute  sulphuric  acid.  The  citric 
acid  is  found  in  the  liquid,  and  is  next  purified  and  crystallized. 

It  forms  clear  prismatic  crystals,  of  an  agreeable  and  intense  acid 
taste,  is  very  soluble,  and  the  solution,  like  that  of  other  organic 
acids,  undergoes  change  when  kept.  The  acid  is  tribasic,  and 
therefore  forms  a  large  number  of  salts;  it  is  also  dimorphous. 

It  is  decomposed  by  heat,  becoming  brown  and  partly  changed 
into  the  aconilic  acid  (C4H03-fHO),  which  is  found  also  in  the 
common  wolfsbane  (Aconitian  napellus),  and  in  the  Equisetum 
fluviatile;  if  the  heat  be  increased,  other  bodies  appear  with  em- 
pyreumatic  oil.  By  the  action  of  nitric  acid  and  heat,  it  is  con- 
verted into  oxalic  acid  ;  caustic  potash,  at  a  high  temperature,  also 
resolves  it  into  acetic  and  oxalic  acids.  Citric  acid  is  used  in 
effervescing  powders,  and  is  refrigerant,  but  being  much  more 
expensive  than  tartaric  acid,  is  less  used. 

Salts. — The  citrates  are,  for  the  most  part,  soluble  ;  they  are 
made  by  bringing  the  acid  in  contact  with  the  base  or  its  carbo- 
nate. The  citrate  of  potash  is  a  slight  diaphoretic  and  refrigerant. 
Citrate  of  magnesia,  in  the  dose  of  an  ounce  and  a  quarter,  is  an 
efficacious  purgative,  and  being  without  unpleasant  taste,  is  re- 
commended as  a  substitute  for  Epsom  salts ;  it  may  be  adminis- 
tered in  lemonade.  Citrate  of  iron  is  a  beautiful  substance,  of  a 
bright  brown  metallic  appearance,  and  is  a  mild  chalybeate;  com- 
bined with  quinine  as  the  citrate  of  iron  and  quinine,  it  becomes 
a  very  valuable  tonic,  applicable  to  cases  of  general  and  nervous 
debility.  The  citrate  of  iron  and  ammonia  is  used  in  photogra- 
phic operations. 

Malic  Acid—  The  Acid  of  Apples;  C8H408-f  2HO  ;    M.— 

This  abounds  in  apples,  pears,  the  orange,  &c,  and  is  mostly 
combined  with  the  citric  acid.  It  is  a  sour,  deliquescent,  color- 
less solid,  which  dissolves  freely  in  water,  but  spoils  by  keeping; 
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it  is  also  soluble  in  alcohol.  The  acid  is  bibasic,  and  it  forms 
neutral  and  acid  malates,  which  are  not,  however,  employed. 

When  heated  in  a  retort,  it  melts,  and  there  is  formed  a  volatile 
acid,  called  the  maleic  (C8H,06+2HO),  and  a  crystalline  sub- 
stance, which  remains  in  the  vessel ;  the  fumaric  acid,  C4H03  + 
HO,  which  changes  by  solution  in  cold  water  back  to  malic  acid. 

Tannic  Acid— Tannin;  CI8H.09+ 3HO  ;  Ta.  — -  It  is  very 
abundant  in  the  bark  of  many  trees,  especially  the  oaks;  the  gall- 
nut  contains  a  large  amount  of  it,  which  is  readily  separated  by 
water. 

The  acid  is  soluble  in  water  and  alcohol,  has  an  astringent 
taste,  but  reddens  litmus,  and  forms  a  light-brown  powder  inca- 
pable of  crystallization.  It  may  be  obtained  pure  by  placing 
pounded  gall-nuts  in  a  displacement  apparatus,  and  pouring  over 
it  common  ether  ;  the  fluid  which  drains  through,  separates  into 
two  parts,  the  lower  of  which  is  a  concentrated  solution  of  the 
tannic  acid  in  water,  and  the  upper  consists  of  ether  with  coloring 
matters,  gallic  acid  and  other  bodies.  The  aqueous  solution  is 
evaporated  in  vacuo,  and  yields  the  pulverulent  acid. 

Tannic  acid  is  a  powerful  astringent,  and  has  been  of  late  years 
used  in  solution  as  an  injection  in  the  place  of  decoction  of  oak 
bark  and  other  substances.  It  has  also  been  given  internally  as 
a  tonic  and  astringent  in  doses  of  gr.  i.  to  gr.  ij. 

It  possesses  the  remarkable  property  of  forming  an  indestruc- 
tible compound  with  gelatine,  called  tanno-gelatine,  Avhich  forms 
the  basis  of  leather.  Its  astringent  action  is  due  to  its  chemical 
effect  on  the  gelatine  of  the  mucous  membrane.  With  the  persalts 
of  iron  it  forms  a  black  compound,  the  tannate  of  iron,  which  is  the 
coloring  material  of  common  ink ;  it  is  hence  used  as  a  test  for 
iron.     The  tannates  are  not  an  important  class  of  bodies. 

An  astringent  body,  present  in  catechu,  called  cafechin,  is 
slightly  different  from  tannic  acid,  being  crystalline,  and  incapable 
of  combining  with  gelatine,  starch,  or  the  alkaloids.  It  is  said  to 
be  convertible  by  heat  into  tannic  acid;  alkalies  also  convert  it 
into  two  new  acids,  the  japonic  and  rubinic. 

Gallic  acid,C_H03+2HO,  is  formed  by  the  spontaneous  oxy- 
dation  of  a  solution  of  tannic  acid,  when  exposed  to  the  air  or 
oxygen.  It  forms  feathery,  silky  crystals,  nearly  colorless,  requir- 
ing 100  parts  of  cold  water  for  solution,  and  only  three  of  boiling 
water.  It  does  not  act  on  gelatine,  but  precipitates  the  persalts  of 
iron  of  a  bluish  black  color. 

Related  to  this  acid  are  the  Ellagic,  Pyrogallic  and  MetagalHc, 
none  of  which  are,  however,  of  any  importance  in  medicine  or  the 
arts. 
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Oily  bodies  have  a  close  affinity ;  they  all  present  a  certain 
well  known  appearance,  are  combustible,  usually  lighter  than 
water,  almost  insoluble  in  water,  and  stain  paper  more  or  less 
permanently.  Whether  derived  from  animals  or  plants,  their 
nature  is  closely  analogous,  but  there  are  a  few,  as  cholesterine, 
cerebric,  choleic  acids,  &c,  peculiar  to  animals,  whilst  palmitine 
or  the  solid  oil  of  certain  palm  trees,  the  ricinic  acid  from  castor 
oil,  myristic  acid  from  the  nutmeg,  and  many  volatile  oils,  seem  to 
belong  exclusively  to  plants. 

They  seem  to  be  produced  both  in  plants  and  animals  by  the 
deoxydation  of  sugar  and  bodies  of  the  amylum  series.  In  the 
butyric  acid  fermentation  and  the  formation  of  oil  of  potatoes,  and 
valerianic  acid,  this  is  apparent.  It  has  also  been  determined  by 
Arequin  that  sugar  disappears  as  wax  is  produced  in  the  sugar 
cane.  As  oils  are  remarkable  for  an  excess  of  hydrogen  and  de- 
ficiency of  oxygen,  they  are  supposed  to  be  produced  in  plants  by 
some  catalytic  action  by  which  the  amylum  bodies  are  split  into 
acids  and  oils. 

These  bodies  are  regarded  by  Dumas  as  compounds  of  car- 
buretted  hydrogen  (C2H2)  and  he  finds  that  many  of  them  conform 
to  this  hypothesis,  being  oxides  of  this  body. 

The  oils  are  naturally  divisible  into  three  classes : 

1.  Volatile  oils  and  fats. 

2.  Saponifiable  oils  and  fats. 

3.  The  non-saponifiable  oils  and  fats. 

The  Volatile  Oils  and  Fats  —  Essential  Oils.  —  These 
substances  are  readily  recognized  by  their  odor,  which  is  often 
powerful ;  they  are  sparingly  soluble  in  water,  to  which  they 
impart  their  flavor,  and  readily  dissolve  in  alcohol,  ether  and  the 
fixed  oils ;  the  stain  they  communicate  to  paper  is  transient  from 
the  volatility  of  the  oils. 

Chemically  considered,  they  are  neutral  and  non-saponifiable, 
but  many  are  acid,  and  nearly  all  absorb  oxygen  from  the  air,  be- 
coming converted  into  resins  which  are  acids.  As  medicines  they 
are  stimulants  and  antispasmodics  of  different  powers.  Most  of 
these  substances  are  liquid,  but  some,  as  camphor,  are  solid  ;  such 
are  termed  stearoptenes;  many  deposite  a  stearoptene  under  pecu- 
liar circumstances,  the  nature  of  which  is  unknown.  The  number 
of  animal  volatile  oils  known  is  limited,  the  butyric  acid  and 
other  oils  of  butter  (the  capric  and  caproic),  musk,  and  the  oil  of 
castoreum  and  analogous  bodies,  being  the  chief. 
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The  volatile  oils  abound  chiefly  in  the  leaves,  bark,  roots  and 
fruit  of  plants,  from  which  they  are  extracted,  by  distilling  with 
an  abundance  of  water  or  salt  and  water.  The  heat  drives  the  oil 
over  with  water,  and  condensation  is  to  be  effected  in  a  good 
refrigeratory.  The  water  always  dissolves  a  little  of  the  oil,  and 
acquires  its  odor  and  flavor,  but  the  large  amount  is  found  separate, 
either  floating  on  the  water  or  at  the  bottom  of  the  vessel,  accord- 
ing to  the  specific  gravity  of  the  oil. 

Essential  Oils  without  Oxygen.— These  have  the  formula 
C4H.,  or  some  multiple  of  it,  and  usually  form  resinous  bodies  by 
oxydation.  They  are  oil  of  turpentine,  juniper,  savine,  elemi, 
lemons,  orange  rind,  copaiba,  cubebs.  It  will  be  observed  that 
most  of  these  are  powerful  diuretics. 

A  crystalline  body  is  obtained  from  oil  of  turpentine  by  the 
action  of  hydrochloric  acid  called  artificial  camphor,  but  it  has 
not  the  properties  of  camphor. 

Essential  Oils  with  Oxygen. — These  have  the  formula  C10H10O, 
or  something  resembling  it.  To  this  class  belong  nearly  all  the 
essential  oils,  as  peppermint,  mint,  origanum,  camphor,  &c. 

Essential  Oils  ivith  Sulphur. — These  possess  extreme  pun- 
gency ;  the  oil  of  garlic,  assafaetida,  horseradish,  hops  and  mustard 
are  of  this  class. 

The  Saponifiable  Oils  and  Fats— Expressed  Oils. — These 
are  the  fixed  oils  and  fats  of  the  bodies  of  animals,  and  may 
also  be  obtained  by  expressing  oily  fruits  and  grains.  They 
are  decomposed  by  heat,  are  insoluble  in  water,  few  dissolve  in 
alcohol,  but  all  are  more  or  less  dissolved  by  ether  and  the  essen- 
tial oils.  They  are  commonly  lighter  than  water,  without  any 
remarkable  taste  or  odor  when  pure,  and  very  inflammable. 

Chemically  considered,  they  are  compounds  containing  one  or 
more  oily  acids,  united  with  an  organic  base  called  oxide  of  lipyle; 
their  consistency  depending  upon  the  oily  acid  present.  When 
these  bodies  are  heated  with  potash  or  soda,  they  become  decom- 
posed, the  oily  acid  combining  with  the  base  to  form  a  soap. 
When  the  base  is  lime  or  oxide  of  lead,  they  form  insoluble 
bodies  or  plasters,  and  the  hydrated  oxide  of  lipyle  or  glycerine  is 
separated.     In  these  respects,  the  fixed  oils  differ  altogether  from 

the  volatile  oils. 

In  medicine  the  oils  are  emollient  and  in  large  doses  laxative, 
but  their  chief  importance  is  as  food,  and  for  purposes  of  illumi- 
nation It  has  been  found  that,  during  the  process  of  digestion,  a 
laro-e  amount  of  fat  is  absorbed  into  the  system— the  blood,  chyle 
and  lvmph  always  contain  fats.  Amylaceous  bodies  are  also  par- 
tiallvconverted  into  fatty  bodies  in  the  system,  and  then  absorbed. 
The  office  of  the  fat  in  the  functions  of  the  body  will  be  con- 
sidered in  the  article  on  respiration. 
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It  may,  however,  be  observed  in  this  place  that  the  process  of  fat- 
tening, especially  in  the  domestic  animals,  depends  considerably  on 
the  amount  of  these  bodies  in  their  food  ;  but  there  is  no  doubt  that 
cattle  fed  on  potatoes,  and  other  substances  containing  little  fat, 
do  form  it  from  starch  in  their  bodies.  Grundlach  determined  in 
the  case  of  bees,  that  they  possessed  the  power  of  converting 
sugar  into  wax,  although,  as  in  the  case  of  other  animals,  they 
usually  depend  on  the  fatty  matters  of  plants. 

The  chief  fats  of  the  animal  are  stearine,  margarine  and  oleine, 
and  these  exist  in  plants,  and  are  of  precisely  the  same  composition. 
The  principal  constituents  of  fats  are  as  follows: 

Stearic  Acid ;  C68H6605. — This  is  the  acid  of  the  solid  fat  or 
stearine  of  mutton,  beef  fat,  lard,  linseed  oil,  &c,  which  is  ob- 
tained by  expression  from  lard  and  soft  fats,  and  is  a  crystalline 
waxy  substance  in  the  pure  state.  Stearine  has  been  used  to 
make  candles,  which  nearly  resemble  spermaceti. 

The  acid  is  obtained  by  first  saponifying  with  lime,  then  acting  on 
the  soap  by  an  acid,  as  the  sulphuric,  and  dissolving  the  free  stearic 
acid  by  hot  alcohol,  from  which  it  is  precipitated  in  milk  white 
needles  on  cooling.  The  acid  has  the  characters  of  a  fat;  it  is 
insoluble  in  water,  tasteless,  combustible,  melts  at  158°  F.,  is  de- 
composed by  heat,  but  has  an  acid  reaction. 

The  stearate  of  potash  is  the  basis  of  soft  soap,  the  stearate  of 
soda  of  the  hard  soaps.  The  stearate  of  lead  is  an  insoluble  sub- 
stance, resembling  the  plasters.  With  ammonia,  it  forms  a  soft 
soap,  which  is  a  constituent  of  some  of  the  liniments.  The  stea- 
rate of  lime  is  insoluble,  and  is  present  in  the  liniment  made 
with  linseed  oil  and  solution  of  lime. 

Mar  garic  Acid;  C6sH6606  (or  CS4H3i03+HO,  Redtenbachcr).— 
From  the  formula,  it  will  be  seen  that  this  has  one  equivalent  more 
of  oxygen  than  stearic  acid,  which  it  closely  resembles,  differing 
chiefly  in  forming  crystals  of  a  less  brilliant  appearance,  and 
which  melt  at  a  lower  temperature. 

It  is  the  acid  of  margarine,  the  solid  constituent  of  human  fat, 
and  olive  oil,  this  being  a  margarate  of  oxide  of  lipyle.  Margaric 
acid  appears  to  be  formed  in  the  human  body  from  the  stearine 
of  food.  The  acid  forms  compounds  with  the  alkalies  and  bases, 
similar  to  those  of  stearic  acid. 

Oleic  Jlcid—Elaic  Acid;  C44H40O4+HO.— This  is  the  acid 
of  oleine  or  elai'ne,  the  fluid  neutral  oil  of  plants  and  animals, 
which  may  be  separated  by  expression.  Olive  oil,  lard,  human 
fat,  and  all  the  soft  fats  contain  a  large  amount  of  it.  '  It  is,  how- 
ever, difficult  to  obtain  the  oleine  perfectly  pure,  as  it  suspends 
the  other  oils;  but  by  the  repeated  application  of  cold,  margarine 
and  stearine  may  be  separated ;  bleaching,  and  filtering  through 
animal  charcoal,  remove  any  adventitious  color. 

In  the  pure  state,  oleic  acid  is  nearly  colorless ;  it  freezes  at  about 
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20°  F.  into  crystalline  needles,  has  an  acrid  taste  and  acid  reaction, 
is  lighter  than  water,  and  mixes  with  strong  alcohol. 

The  oils,  which  have  a  large  amount  of  this  substance,  as  olive 
and  almond  oil,  do  not  dry  like  linseed,  rape  and  nut  oils,  which 
consist  chiefly  of  margarine  and  stearine.  The  drying  oils  owe 
their  property  to  the  absorption  of  oxygen,  by  which  they  become 
changed  into  resinous  bodies,  and  anypreparation,  as  boiling  alone, 
or  with  litharge,  acetate  of  lead,  sulphate  of  zinc,  which  tends  to 
clarify  them,  increases  this  disposition. 

The  oleates  resemble  the  margarates  and  stearates.  The  oleate 
of  lead  is  the  basis  of  the  adhesive  plaster,  and  other  oleates  exist 
in  the  ointments  and  liniments. 

Cerebric  acid  and  oleophosphoric  acid  will  be  considered  in  the 
section  on  nervous  matter. 

The  bases  of  the  Fats. — Three  bases  are  recognized :  the  oxide 
ofcetyle  or  cthal,  which  exists  in  spermaceti ;  cerain,  found  in  wax  ; 
and  oxide  of  lipyle,  which  is  the  base  of  oleine,  margarine,  stear- 
ine, butyrine.  Of  these,  the  oxide  of  lipyle,  known  in  the  hy- 
drated  state  as  glycerine,  is  the  only  one  of  interest  in  medical 
chemistry. 

Glycerine  is  set  free  when  the  common  fats  are  saponified  ; 
it  is  a  clear,  uncrystallizable  fluid,  of  a  yellowish  color,  without 
odor,  of  a  sweet  taste,  and  very  soluble  in  water  and  alcohol,  but 
not  in  ether.  It  is  said  to  be  of  use  in  cutaneous  affections.  Ac- 
cording to  Berzelius,  it  is  partly  formed  during  saponification,  the 
true  base  being  the  oxide  of  lipyle  (not  isolated).  The  oxide 
has  the  formula  C3H2-f-0,  and  glycerine  is  a  compound  of  two 
atoms  of  this  with  three  of  water,  or  2(C3H2,0)4-3HO.  It  com- 
bines with  sulphuric  acid  to  form  sulpho-glyceric  acid,  which 
resembles  the  sulphovinic  acid. 

The  Non-Saponifiaele  Fats. — The  most  important  of  this 
class  are  :  cholesterine,  a  crystalline  component  of  the  brain  and  of 
biliary  calculi,  and  pathic  growths  of  the  lungs  and  other  organs  ; 
serolin,  a  fat  existing  in  the  blood  ;  and  probably  wax,  which 
abounds  in  all  parts  of  plants. 

Derivatives  of  the  Fats. — Several  bodies,  as  the  suberic,  suc- 
cinic and  sebacic  acids,  are  derived  from  the  oxydation  of  the  fatty 
acids,  and  exist  in  organic  bodies,  but  do  not  belong  to  medical 
chemistry.  The  succinic  acid  is  also  produced  by  the  distillation 
of  fossil  resin  or  amber;  and  the  sebacic,  which  closely  resembles 
benzoic  acid,  by  the  destructive  distillation  of  oleic  acid. 

Bodies   nearly  associated  with  the  Oils  and  Fats. — To  this 

class  belong  the  resins,  amber,  caoutchouc,  gutta  percha,  cantha- 

ridin,  and  several  oily  principles  resembling  it,  and  extracted  from 

plants  by  the  action  of  hot  alcohol  or  ether.     The  gum  resins  are 

25 
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compounds  of  oily  and  resinous  bodies  with  gum.  The  balsams 
contain  oils  and  resins.  A  solution  of  resinous  bodies  in  alcohol, 
or  oil  of  turpentine,  constitutes  the  varnishes  of  commerce. 

Caoutchouc,  or  Indian  rubber,  has  properties  intermediate  be- 
tween those  of  an  oil  and  resin ;  it  is  softened  but  not  dissolved  by 
ether,  and  yields  a  volatile  oil,  called  caout chine,  by  distillation, 
which  is  its  best  solvent.  This  solution  constitutes  a  flexible  var- 
nish when  applied  over  surfaces,  and  effectually  excludes  moisture. 
Gutta  percha  somewhat  resembles  caoutchouc,  and  is  obtained 
from  the  sap  of  a  tree  called  percha,  in  Singapore  and  the  adja- 
cent country;  but  it  is  much  less  elastic  when  cold.  It  softens  by 
a  heat  of  180°,  and  then  may  be  moulded  into  any  form,  hardening 
as  it  cools. 
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The  colors  of  plants  and  animals  are  due  to  particular  principles, 
which  are  usually  indifferent,  but  readily  decomposed,  and  have 
different  colors  under  the  action  of  oxygen  and  some  other  agents, 
which  affect  their  intimate  structure.  Thus  indigo,  when  deoxy- 
dized,  is  white  instead  of  blue,  and  we  are  able,  by  the  action  of 
nitric  acid,  to  give  it  a  yellow  color  ;  there  is  also  a  brown  and 
red  product.  The  coloring  matter  of  the  human  body  offers 
similar  variations  ;  it  is  bluish-red  in  the  veins,  crimson  in  the 
arteries,  yellow  and  green  in  the  biliary  secretion,  and  in  certain 
diseases  of  the  urine  (cyanuria),  has  been  detected  of  a  blue  color. 

Thus  the  same  body  often  presents  many  tints  under  the  influ- 
ence of  reagents  ;  from  this  fact  we  should  infer  that  they  are  com- 
pounds of  a  radical,  but  at  present  few  of  these  are  known.  As  a 
general  thing,  acids  convert  vegetable  blues  into  red,  whilst  alkalies 
convert  reds  into  blues  and  greens,  and  yellows  into  brown — hence 
some  colors,  as  litmus  and  turmeric,  are  used  in  the  laboratory  as 
tests  of  these  substances. 

Coloring  matters  are  extensively  used  in  dyeing,  as  many  stain 
wool  and  cotton  permanently;  but  to  fix  others,  the  acetate  of  alu- 
mina, chloride  of  tin  and  other  bodies  called  mordants,  are  em- 
ployed. These  possess  the  double  property  of  uniting  with  the 
coloring  principle  and  fibre. 

The  coloring  matters  have  some  analogy  in  composition  with  the 
fats,  some  as  chlorophyll,  the  green  substance  of  plants,  being  con- 
verted into  it;  their  formulas  also  exhibit  a  great  preponderance  of 
carbon  and  hydrogen. 

These  bodies  are  divided  into  two  classes,  those  which  contain 
nitrogen,  and  those  which  are  non-azotized.  To  the  first  belong 
indigo,  chlorophyll,  hcematin  ;  to  the  latter,  madder,  hematoxylin, 
the  red  coloring  matter  of  logwood,  quercitrine,  the  yellow  sub- 
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stance  of  the  oak,  turmeric,  and  other  bodies  of  Jess  importance. 
The  non-azotized  coloring  matters  are  classified  according  to  their 
colors,  and  have  not  been  made  the  subject  of  so  much  examina- 
tion as  the  azotized  bodies. 

The  Azotized  Coloring  Matters. — Under  this  head  we  shall 
offer  a  few  remarks  on  indigo,  chlorophyll  and  hsematin. 

Indigo. — This  is  obtained  from  numerous  leguminous  plants,  of 
which  the  genus  Indigofera  affords  the  chief  supply.  The  green 
plants  are  macerated  in  water  until  they  ferment;  by  this  means  a 
yellowish  solution  is  obtained  ;  this  is  next  drained  off  into  a  fresh 
vat,  and  beaten  with  flat  sticks  so  as  to  drive  atmospheric  air  into 
the  mixture,  by  which  flakes  of  a  blue  matter  are  formed,  which 
precipitate  to  the  bottom  of  the  vat.  When  this  is  collected  and 
dried,  it  constitutes  the  indigo  of  commerce. 

It  forms  a  deep  blue  solid,  the  exterior  of  which  has  something 
like  the  lustre  of  copper  ;  it  is  insoluble  in  water,  alcohol,  oils, 
dilute  acids  and  alkalies,  but  combines  with  strong  sulphuric  acid, 
forming  the  sidphindigotic  acid,  which  is  soluble  in  water.  Pure 
indigo  can  be  sublimed,  and  forms  brilliant  crystals  of  a  cupreous 
lustre.  Common  indigo  contains  other  bodies  besides  the  pure 
blue  coloring  matter,  which  are  separated  by  various  processes. 

There  is  no  doubt  that  indigo  is  a  compound  of  a  hypothetical 
radical,  called  Anyle,  the  formula  and  compounds  of  which  are 
presented  in  the  table. 

Anyle,  symbol  An         ....  C,6TT5N 

The  hydrated  protoxide  (white  indigo)   -  AnO,HO 

The  deutoxkle  (blue  indigo)  •         -  An02 

The  quadroxide  (isatine)       ...  An04 

Tiie  hydrated  quadroxide  (isatinic  acid)  An04,H0 

White  Indigo — Indigogen,  C]6H6N02,  orAnO,HO — is  the  sub- 
stance which  exists  in  the  fermentation  vat;  it  is  also  prepared  by 
deoxydizing  blue  indigo  artificially.  For  this  purpose,  the  dyer 
mixes  5  parts  of  powdered  indigo,  10  of  protosulphate  of  iron, 
15  parts  of  slaked  lime,  and  60  of  water,  and  beats  them  together 
by  a  suitable  machine.  The  iron  becomes  changed  into  a  perox- 
ide, taking  its  oxygen  from  the  blue  indigo,  and  thus  it  becomes 
white,  or°deoxydized  indigo,  which  is  soluble  in  water.  The 
foreo-oino-  is  called  the  indigo-vat,  for  if  cloth  or  other  textile  sub- 
stance be  dipped  in  it  and  afterwards  exposed  to  the  air,  the  color- 
ing matter,  by  absorbing  oxygen,  becomes  again  insoluble  blue 
indigo. 

White  indio-o  can  be  obtained  from  the  above  solution  by 
neutralizino-  it  by  hydrochloric  acid,  when  it  falls  in  white 
flakes,  which  consist  of  minute  crystals.  The  precipitate  coheres 
as  it  dries,  acquiring  a  silky  lustre  ;  it  is  tasteless,  inodorous,  in- 
soluble in  water,  but  soluble  in  ether  and  alcohol.     In  the  humid 
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state  it  is  readily  changed  into  blue  indigo  by  absorbing  oxygen 
from  the  air.     It  is  readily  combustible. 

The  quadroxide  of  Jlnyle—Isatine. — This  body  is  procured  by 
oxydizing  indigo;  it  forms  brilliant  red  crystals  of  a  prismatic 
figure,  which  contain  two  atoms  more  oxygen  than  blue  indigo. 
It  is  slightly  soluble  in  water,  and  becomes  changed  by  contact 
with  alkalies  into  isatinic  acid  by  acquiring  an  atom  of  water. 

Sulphindigotic  acid. — This  consists  of  a  direct  union  of  sulphu- 
ric acid  with  blue  indigo,  the  formula  being  An02-f  S03;  but  it  is 
not  a  salt,  for  it  has  the  properties  of  an  acid,  and  is  analogous  to 
the  sulphovinic  acid.  It  is  of  a  deep  blue  color,  very  soluble, 
and  forms  the  soluble  indigo,  or  sulphate  of  indigo  of  dyers. 

A  large  number  of  bodies  are  formed  by  the  action  of  heat  with 
dilute  and  strong  nitric  acid,  alkalies,  and  the  haloid  bodies,  on 
indigo.  Of  these,  it  will  not  be  necessary  to  mention  more  than  two, 
the  anilic  and  picric  acids.  Anilic  acid  is  produced  by  the  action 
of  dilute  nitric  acid ;  it  forms  yellowish  acicular  crystals  of  a 
feeble  acid  taste,  almost  insoluble;  by  heat  it  is  sublimed  un- 
changed. This  is  sometimes  called  indigotic  acid,  and  consists 
of  C14H4N09;  it  is,  therefore,  highly  oxydized  anyle,  minus  one 
atom  of  hydrogen. 

Picric  acid — carbazotic  acid;  C12H2N3Ol3 — is  made  by  the 
action  of  strong  nitric  acid  with  heat;  in  the  impure  state,  it 
was  called  the  Bitter  of  Welter.  When  pure,  it  forms  bright 
yellow  crystalline  scales,  of  a  very  bitter  taste,  and  slight  solu- 
bility. With  potash  it  forms  a  salt  which  crystallizes  in  brilliant 
yellow  needles,  and  explodes  when  heated.  Many  substances 
yield  picric  acid  by  the  action  of  nitric  acid — as  silk,  salicine, 
wool,  &c. 

From  the  foregoing  it  will  be  seen  that,  by  slight  changes, 
indigo  may  become  a  white,  blue,  red,  or  yellow  compound;  and 
it  is  this  susceptibility  to  undergo  variations  in  color,  that  consti- 
tutes the  principal  characteristic  of  this  class  of  bodies. 

Chlorophyll — Chromide;  Viridine. — These  names  have  been 
given  to  the  green  coloring  matter  of  leaves,  which,  however,  con- 
sists of  wax  and  coloring  matter;  to  the  latter  only  should  the 
name  chlorophyll  be  given.  The  green  color  is  soluble  in  alcohol, 
ether,  muriatic  and  other  acids,  and  is  converted  into  a  light  yellow 
by  deoxydizing  agents,  in  the  same  way  that  blue  indigo  is  con- 
verted into  white  by  the  same  action.  The  yellow  chlorophyll 
is  converted  by  heat  into  a  red  color  perfectly  analogous  to  the 
red  color  of  fruits  and  some  autumnal  leaves. 

Berzelius  found  also  that  the  green  of  leaves  consists  of  a  mixture 
of  a  yellow,  blue  and  dark  matter;  the  blue  being  very  similar,  if 
not  identical  with  indigo.  From  the  observations  of  Berzelius  and 
Mulder,  it  appears  that  there  is  a  white  or  yellow  coloring  matter 
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(Xanthophyll),  pervading  plants, and  having  properties  resembling 
those  of  resins  and  oils,  which  by  oxydation  becomes  of  a  green 
color  (Chlorophyll),  and  which,  by  further  oxydation,  is  changed 
into  red  (Erythrophyll).  The  history  of  the  reactions  is  complete ; 
for  the  yellow  in  the  presence  of  oxygen,  becomes  green,  and  the 
red,  by  deoxydation,  also  reverts  to  chlorophyll. 

Mulder  has  succeeded  in  analyzing  the  green  coloring  matter 
of  t  he  poplar,  and  finds  CI8HgN08,  a  formula  which  is  very  ana- 
logous to  that  of  indigo.  In  many  other  respects  these  bodies  are 
closely  related:  chlorine  produces  a  white  precipitate  in  the  solu- 
tion of  both;  nitric  acid  converts  both  into  yellow  substances,  and 
both  unite  with  sulphuric  acid. 

The  difficulty  which  has  been  found  in  the  study  of  this  body, 
arises  from  the  very  minute  amount  which  exists  in  the  leaf,  and 
the  tendency  of  the  green  matter  to  pass  into  the  yellow  and 
other  bodies.  It  seems,  however,  pretty  certain  that  indigo  and 
other  coloring  principles  are  derived  from  this  substance. 

ELematix — Hsematosine  ;  Crnorin. — The  coloring  matter  of 
the  blood  is  a  deep  crimson  fluid,  existing  in  the  blood  corpuscles, 
and  lying  between  the  interior  nucleus  of  globulin  and  the  trans- 
parent covering.  In  arterial  blood  its  color  appears  to  be  much 
brighter  than  in  the  veins,  the  corpuscles  in  the  latter  having  a 
deep  purplish  color. 

By  some  authors  this  difference  is  referred  to  a  chemical  cause, 
whilst  Mulder  and  others  regard  it  as  of  an  optical  character. 
According  to  the  first  view  the  hacmatin  of  venous  blood  contains 
less  oxygen  or  more  carbon,  but  this  has  never  been  proved;  on 
the  contrary,  numerous  analyses  have  established  the  fact,  that  its 
elementary  composition  is  identical,  whether  it  be  obtained  from 
arterial  or  venous  blood.  The  views  of  Mulder  on  this  subject, 
are  exceedingly  curious  and  interesting.  He  conceives  that  the 
difference  is  merely  that  of  tint,  the  globules  of  arterial  blood  hav- 
ing, as  was  originally  shown  by  Hewson,  a  biconcave  figure,  and 
therefore  reflecting  a  large  quantity  of  light,  and  appearing  of  a 
brighter  color,  whilst  the  corpuscles  of  venous  blood  are  nearly 
spherical  and  not  concave;  they  therefore  reflect  much  less  light, 
and  have  a  darker  appearance. 

In  confirmation  of  this  view  may  be  cited  the  experiments  of 
Scherer,  who  found  that  the  admixture  of  white  powders,  as  chalk, 
magnesia,  plaster  of  Paris,  gave  to  venous  blood  the  arterial  tint. 
Now  these  bodies  exert  no  chemical  or  physical  effect  on  the 
globules;  they  merely  act  to  dilute  the  daik  color,  and  render  it 
brighter— precisely  in  the  same  way  that  a  light,  bright  blue  color 
is  attained,  by  mixing  a  white  powder  with  indigo  or  Prussian  blue. 

The  action  of  white  substances  may,  therefore,  produce  the 
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arterial  tint  without  any  absorption  of  oxygen  or  carbonic  acid. 
This  change  can  also  be  effected  by  strong  saline  solutions, 
especially  of  common  salt,  sulphate  of  soda,  or  nitrate  of  potash. 
These  act  by  changing  the  figure  of  the  globule,  converting  the 
spheroidal  corpuscle  of  venous  blood  into  the  biconcave  figure, 
which  is  said  to  characterize  the  arterial  globules.  This  effect  is 
produced  by  the  powerful  attraction  of  the  above  salts  for  water, 
which  they  can  derive  even  from  the  interior  of  the  globules, 
and  thus  their  figure  is  changed  as  they  become  emptied  of  th^ir 
contents,  the  sides  collapsing  more  and  more  until  the  biconcave 
shape  is  reached. 

The  passage  outwards  (exosmosis)  of  fluid  from  the  blood-cell- 
ules, is  not  a  peculiar  phenomenon,  but  takes  place  in  all  cases 
where  a  cause  of  attraction  exists  exteriorly  to  any  animal  or  vege- 
table cavity.  The  reverse  also  occurs,  or  the  interpenetration  of 
fluid  (endos?nosis),  when  the  coloring  matter  or  other  contained 
principle  of  the  cell  has  the  greater  attraction  for  surrounding 
fluids.  Hence,  if  venous  blood  be  poured  into  a  saline  solution, 
having  a  specific  gravity  of  1070  or  more,  it  becomes  bright 
crimson,  and  the  globules  collapse;  again,  if  it  be  poured  into 
pure  water,  the  globules  swell,  become  nearly  black,  and  finally 
burst,  the  water  having  penetrated  the  cellule  and  distended  it  too 
much.  The  sp.  gr.  of  blood  is  1057,  and  saline  solutions  of  this 
density  neither  contract  nor  dilate  the  corpuscles. 

These  experiments  appear  to  decide  the  question  and  confirm 
the  views  of  Mulder.  Further  confirmation  is  found  in  the  cir- 
cumstance that  the  amount  of  water  is  rather  greater  in  venous 
than  arterial  blood,  and  hence  the  corpuscles  have  the  means 
offered  of  becoming  distended  and  biconvex. 

Composition  of  Hxmatin. — On  this  point  likewise  there  is 
some  dispute,  but  we  present  that  view  of  the  subject  which  has 
received  the  sanction  of  Berzelius,  Mulder  and  the  highest  au- 
thorities, and  is  sustained  by  experiment.  Mulder  found  that 
when  obtained  free  from  globulin  it  has  the  formula  C44H2r,N306 
-fFe.  It  is  soluble  in  water  and  alcohol ;  chlorine  converts  it 
into  a  white  solid,  removing  the  whole  of  the  iron. 

The  iron  was  formerly  supposed  to  be  the  cause  of  the  color,  and 
to  exist  in  the  state  of  oxide,  but  it  has  all  the  reactions  of  metallic 
iron,  and  may  be  entirely  removed  without  changing  the  tint  or  pro- 
perties of  the  coloring  matter.  These  facts  may  be  proved  by  the 
action  of  dilute  sulphuric  acid  on  hsematin.  This  agent  causes 
the  evolution  of  hydrogen,  which  proves  that  the  iron  is  in  a 
metallic  state;  otherwise  the  gas  could  not  be  thrown  off;  there 
results  from  this  chemical  action  oxide  of  iron,  which,  with  the 
acid,  forms  protosulphate  of  iron,  the  red  coloring  matter  remain- 
ing entirely  deprived  of  the  metal,  of  its  characteristic  hue. 

Chemical  Nature  of  //*>//! «/*'». —Hcematin  unquestionably  be- 
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longs  to  the  catalogue  of  true  coloring  matters.  It  is  indiffer- 
ent, presents  various  colors  under  different  circumstances,  and 
has  a  formula  which  closely  resembles  that  of  indigo  and  chloro- 
phyll. An  atom  of  indigo  has  the  composition  C]CH5N04;  this, 
elevated  by  three,  gives  C48H15N30]2;  therefore  four  atoms  of 
indigo  have  a  constitution  resembling  that  of  the  compound  of 
hsematin  with  iron. 

In  confirmation  of  this  connection,  we  would  also  refer  to  the 
various  bodies  derived  from  the  red  coloring  matter  of  the  blood  : 
such  as  the  yellow  coloring  matter  of  bile  (Cholepyrrhin,  Berz — 
bi/iphsein,  Simon) ;  the  yellow  coloring  matter  of  the  serum  of 
blood  itself  (lisemaphscin),  and  of  urine  ;  the  green  color  of  some 
forms  of  bile  (bilivcrdin);  the  blue  coloring  matter  found  in  dis- 
eased urine  (uroglaucin,  Heller),  and  that  belonging  to  blood 
(hsemacyanin);  and  lastly,  the  red  body  found  in  urine  and  termed 
urrhodin  by  Heller,  uro-erythrinby  Simon,  and purpurine  by  G. 
Bird.  Of  the  foregoing  coloring  substances  none  have  been 
analyzed  except  hsematin,  but  Berzelius  has  determined  that  bili- 
verdm  is  identical  with  chlorophyll  ;  and  it  is  equally  certain  that 
indigo  occasionally  occurs  in  urine,  as  cycmoicrine,  a  blue  morbid 
product,  closely  resembles  the  vegetable  color. 

In  addition  to  the  foregoing  tints,  it  may  be  inferred  that  there 
is  a  white  state  of  the  coloring  matter,  in  the  same  way  as  there 
is  found  a  white  indigo  and  a  white  chlorophyll.  The  chyle  and 
lymph  entering  the  circulation  are  white;  milk,  and  the  secretion 
of  pus  which  leave  it,  are  also  white.  These  substances  may  be 
without  any  coloring  principle,  but  this  is  scarcely  to  be  sup- 
posed, for  chyle,  lymph  and  milk  injected  into  a  vein  speedily 
become  reddened.  It  is  therefore  more  probable  that  they  contain 
a  white  hsematin,  which,  coming  in  contact  with  the  nascent 
oxygen  of  the  blood,  acquires  a  red  color,  precisely  as  white 
indigo  becomes  blue  in  the  presence  of  moisture  and  oxygen. 
The°  black  pigment  of  the  eye,  of  melanosis,  of  freckles,  of  the 
neoro,  and  which  is  occasionally  found  in  urine,  seems  to  be 
another  form  of  hsematin,  which  has  not,  however,  been  chemi- 
cally examined. 

Polli,  an  Italian  chemist  of  celebrity,  has  established  an  inti- 
mate connection  between  the  yellow  coloring  matter  of  the  bile 
and  hsematin.  He  regards  the  former  as  produced  from  hsema- 
tin," which  has  become  "effete,  the  one  being  an  oxide  of  the  other. 
A  similar  view  is  taken  by  Simon. 

We  are  disposed,  in  view  of  these  relations,  to  advance  the  idea 
that  the  coloring  matter  of  the  blood  is  derived,  like  fat  and  azotized 
bodies,  from  the  food,  and  not  produced  by  the  metamorphosis  of 
proteine  bodies  in  the  blood.  Vegetable  bodies  contain  some  form  of 
chlorophyll,  in  all  their  parts;  this,  when  white, enters  the  lacteals 
directly,  and  if  colored,  is  deoxydized  by  digestion,  which  is  an  cnu- 
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nently  deoxydizing  process.  Passing  to  the  blood,  it  becomes 
oxydized  along  with  other  components  of  this  fluid,  and  deve- 
lopes  the  blue  and  red  tint,  the  former  of  which  is  less  oxydized 
than  the  latter,  and  hence  is  in  excess  in  venous  blood.  In  the 
changes  of  the  corpuscles  the  red  yields  to  a  yellow  tint,  and  the 
function  of  the  coloring  matter  is  at  an  end ;  it  is  now  excreted  in 
the  urine  and  bile.  In  these  fluids,  trifling  circumstances,  but 
little  understood,  give  it  a  green  hue,  and  reconvert  it  into  the 
chlorophyll  of  the  plant,  which,  it  will  be  remembered,  is  a  com- 
pound of  a  yellow  and  blue  pigment.  This  view  is  further 
sustained  by  the  resemblance  of  the  formulas  for  indigo,  chloro- 
phyll and  hoematin,  and  the  detection  of  a  blue  pigment  in  both 
the  latter  which  may  be  considered  identical  with  indigo. 

The  action  of  nitric  acid  on  a  solution  of  biliphaein  also  serves 
to  establish  the  connection  between  the  coloring  matters  of  the 
body ;  this  agent  imparts  to  the  yellow  solution,  first  a  blue  tint 
which  changes  to  a  green,  then  to  violet  and  red,  and  ultimately 
becomes  brown.  These  changes  arise  from  the  progressive  oxy- 
dation  of  the  coloring  matter  by  the  nitric  acid.  The  circulating 
fluid  of  many  insects  has  a  green  color  obviously  derived  from 
the  coloring  matter  of  the  leaves  they  feed  upon. 


THE  VEGETABLE  ALKALOIDS  AND  ALLIED  SUB- 
STANCES. 

The  vegetable  alkaloids  are  very  remarkable  products,  from  the 
great  medicinal  activity  they  possess,  from  their  basic  properties, 
and  from  the  presence  of  nitrogen  in  most  of  them.  They  are 
peculiar  to  certain  plants,  some  being  found  in  one  species  only, 
and  exist  usually  combined  with  an  acid  in  the  bark  or  root,  but 
some  are  found  in  the  leaves,  and  others  in  the  seeds. 

The  process  adopted  to  obtain  them  in  a  free  state,  may  be  ex- 
plained in  general  terms  ;  but  the  reagents  are  different  in  different 
cases.  A  solution  is  first  made  of  the  active  parts  of  the  plant ;  this 
is  accomplished  by  hot  water,  alcohol  or  ether,  according  to  the 
body  ;  the  solution  is  next  filtered,  and  treated  with  ammonia, 
magnesia,  lime,  or  some  active  base,  capable  of  uniting  with  the 
vegetable  acid  ;  the  alkaloid  is  by  this  means  precipitated — it  is 
now  to  be  separated  from  the  supernatant  fluid,  and  washed  free 
from  adherent  impurities;  the  next  step  is  to  dissolve  it  in  hot 
alcohol,  or  some  other  solvent,  and  digest  with  animal  charcoal  to 
separate  coloring  and  resinous  matters — by  repeating  this  operation 
two  or  three  times,  and  setting  the  solution  aside,  it  usually  yields 
crystals  of  the  alkaloid.  This  may  now  be  dissolved  in  acetic, 
hydrochloric  or  other  acids,  and  evaporated  to  dryness  ;  and  thus 
the  ordinary  salts  of  the  alkaloids  are  formed  ;  or  they  may  be 
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made  by  using  an  acid  as  the  solvent,  instead  of  hot  alcohol  in  the 
latter  stage  of  the  above  process. 

The  pure  alkaloids  are  nearly  all  insoluble  in  water ;  hence  their 
soluble  salts  are  preferred  in  medicine,  especially  the  hydrochlorates 
and  acetates.  This  class  of  bodies  is  very  numerous,  and  additions 
are  being  often  made ;  their  chemical  history  is,  however,  very  im- 
perfect, and  their  study  belongs  more  especially  to  Materia  Medica. 

The  following  catalogue  contains  the  principal  bodies  of  this 
class,  with  the  formulas  of  such  as  have  been  analyzed,  and  their 
medicinal  properties  so  far  as  known.  Those  employed  in  medi- 
cine are  printed  in  small  capitals.* 

Acomtine — Jiconitia. — It  is  obtained  from  the  officinal  monks- 
hood (Aconititm  napellus),  is  a  granular  or  glassy,  colorless  solid, 
of  intensely  poisonous  properties.  In  small  doses  of  gr.  J^  to  gr. 
•Jj,  it  is  an  arterial  and  nervous  sedative,  but  is  seldom  employed 
internally.  An  ointment  or  solution  in  alcohol,  containing  two 
grains  to  an  ounce,  is  employed  as  an  external  application  to  the 
seat  of  severe  neuralgic  pains. 

Antiarine;  Cl4HI0O.  ? — This  exists  in  the  Upas  antiar  or  Java 
poison  ;  it  forms  small,  pearly  crystals,  and  is  one  of  the  most 
fearful  poisons  in  nature,  producing  convulsions  and  death  when 
introduced  under  the  skin  in  minute  quantities. 

Asparagine  ;  C8HgN206. — It  exists  in  asparagus  sprouts,  the 
roots  of  the  marshmallow  and  other  plants.  When  pure,  it  forms 
brilliant,  colorless  crystals,  of  a  faint  taste,  and  freely  soluble  in 
water.  It  cannot  be  considered  an  alkaloid,  and  has  little  me- 
dicinal activity,  but  may  be  considered  a  principle  of  food.  By 
the  action  of  an  acid  or  alkali  with  heat  and  water,  it  is  resolved 
into  ammonia  and  the  aspartic  acid. 

Atropine — Atropia  ;  (C34H23Ofi,  Liebig.) — A  white  crystalline 
acrid  and  bitter  alkaloid,  derived  from  the  belladonna  {Atropa 
belladonna). 

Brucia.     See  Strychnine. 

Caffeine — Theine  ;  Guaranine  ;  C8H.N202. —  This  sub- 
stance, which  imparts  nervine  properties  to  tea  and  coffee, 
exists  also  in  the  Paraguay  tea,  (Ilex  Paraguayensis,)  and  the 
Paullinia  sorbilis  of  Brazil.  It  forms  delicate,  silky  crystals,  of  a 
bitter  taste,  soluble,  and  capable  of  sublimation  without  change. 
Its  alkaloid  reaction  is  not  established.  It  is  a  nervous  stimulant 
and  tonic  of  considerable  power,  and  in  minute  doses  may  be  con- 
sidered a  species  of  food. 

Chelidonine;  C40H  N306. — The  alkaloid  of  chelidonium  magus; 
it  is  scarcely  known,  but  is  irritant  like  the  herb  from  which  it  is 
derived. 

*  For  a  fuller  account  of  these  bodies  see  Gregory's  Chemistry  and  Gardner's 
Medical  Dictionary. 
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Chiniodine,  found  in  the  mother  liquor  of  quinine,  is  this  alka- 
loid mixed  with  impurities,  and  not,  as  was  generally  supposed,  a 
new  body. 

Cinchonine.     See  Quinine. 

Colchicine' — Colchicia.  —  This  is,  according  to  Hesse  and 
Geiger,  the  active  alkaloid  of  colchicum.  It  forms  slender,  aci- 
cular  crystals,  of  a  bitter,  biting  taste,  soluble  in  water,  and  much 
less  acrid  than  veratrine.  It  is  not  separated  for  use,  but  appears 
to  be  a  powerful  poison,  and  to  possess  the  properties  of  the  col- 
chicum. 

Codeine — Codeia:  C„rH™NO.. — This  is  one  of  the  alkaloids 

y  35       20  5  .  , 

of  opium,  and  differs  in  its  formula  from  morphia,  only  in  contain- 
ing one  atom  Jess  of  oxygen.  Its  properties  have  not  been  satis- 
factorily determined,  some  considering  it  a  nervous  sedative, 
others  a  stimulant. 

Conicine — Conia;  Cicutine;  C12H[4NO. — This  is  a  volatile, 
oily  body,  of  a  strong  odor,  obtained  by  distilling  the  alcoholic 
extract  of  the  hemlock,  Conium  maculatum.  It  forms  salts,  and 
has  the  other  properties  of  an  alkaloid.  It  appears  to  be  a 
nervous  sedative,  inducing  a  paralytic  state  of  the  spinal  nerves, 
and  arresting  convulsions. 

Curarine  is  a  yellow,  amorphous  body,  with  alkaline  reaction, 
obtained  from  the  poison  called  curari,  employed  by  the  South 
American  Indians  to  tip  their  arrows. 

Daphnine. — This  is  a  body  resembling  asparagine,  derived 
from  several  species  of  mezereon,  and  not  their  active  principle. 

Daturine — Daturia. — An  active  body  derived  from  Datura 
stramonium ;  it  is  colorless,  crystalline,  and  has  the  odor  of  to- 
bacco, and  is  thought  to  be  identical  with  hyoscyamine.  It  has 
the  property  of  dilating  the  pupil. 

Delphinine — Delphinia;  C2_H19N02. — An  acrid,  crystalline, 
whitish,  and  fusible  alkaloid,  obtained  from  the  stavesacre  [Del- 
phinium staphisagria).  It  is  recommended  by  Mr.  Turnbull 
to  be  used  in  the  same  way  as  aconitine  in  rheumatism  and 
neuralgias.  The  ointment  may  be  made  by  mixing  3ss  with  an 
ounce  of  lard.  It  is  not  employed  internally,  and  produces  purg- 
ing, burning  pain,  and  convulsions. 

Elaterine— Elateria  ;  (C6H1205,  Hennell.) — This  is  neither 
an  acid  nor  alkaloid,  but  deserves  a  place  in  this  catalogue  from 
its  great  activity,  being  a  violent  purgative  in  doses  of  gr.  -,^th. 
It  is  obtained  from  elaterium,  which  is  the  inspissated  juice  of 
the  Momordica  elaterium,  by  making  an  alcoholic  solution,  evapo- 
rating to  the  consistence  of  oil,  and  throwing  it  into  boiling  water; 
by  this  means  a  white  precipitate  of  elaterine  is  obtained.0  When 
pure,  it  is  crystalline,  has  a  silky  appearance,  is  very  bitter,  in- 
soluble in  water,  but  soluble  in  alcohol.     If  employed  as  a  dras- 
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tic,  hydragogue  purgative— a  dose  of  the  TLth  of  a  grain  will  be 
sufficient  in  the  commencement.  A  fifth  of  a  grain  has  been 
known  to  kill  a  rabbit. 

Emetine— Emetina;  C35H2,N09.— The  active  alkaloid  princi- 
ple of  ipecacuanha.  When  pure,  it  is  white,  pulverulent,  slightly 
bitter,  fusible  at  122°  F.,  and  very  soluble  in  alcohol  and  acids. 
It  produces  vomiting  in  doses  of  T'? th  of  a  grain,  and  two  grains  are 
sufficient  to  kill  a  dog.  There  seems  to  be  no  advantage  in  sepa- 
rating it  from  the  root,  and  it  is  therefore  seldom  kept  by  drug- 
gists. 

Gentianine  is  the  bitter  principle  of  gentian,  and  extracted  by 
ether.     When  pure,  it  forms  golden-yellow  needles. 

Hyoscyamine,  Hyoscyamia,  is  the  active  alkaloid  principle  of 
henbane  (Hyoscyamus  niger),  and  closely  resembles  atropine.  It 
is  white,  crystalline,  and  has  the  property  of  dilating  the  pupil  in 
minute  quantity. 

Meconine:  Cl0H.O4. — This  is  a  crystalline  neutral  body,  found 
in  some  kinds  of  opium,  and  said  to  be  without  activity. 

Morphine — Morphia,  C35H20NO6. — The  narcotic  alkaline  prin- 
ciple of  opium.  It  forms  small,  colorless,  brilliant,  prismatic  crys- 
tals, and  dissolves  in  alcohol  and  dilute  acids.  It  melts  by  heat, 
inflames,  and  at  a  red  heat  is  entirely  dissipated,  strikes  a  bluish 
color  with  solutions  of  the  persalts  of  iron,  and  becomes  of  an 
orange  red,  with  strong  nitric  acid.  It  also  decomposes  iodic 
acid,  liberating  the  iodine  which  may  be  detected  by  solution  of 
starch. 

Its  principal  salts  are  the  muriate,  acetate,  citrate  and  sulphate. 
The  first  is  most  used  in  medicine,  the  usual  dose  as  an  anodyne 
being  from  an  eighth  to  a  quarter  of  a  grain.  It  is  also  applied 
endermically  in  violent  neuralgias. 

Narceine—Narceina;  C„H20NO12.— A  neutral  crystalline  body, 
derived  from  opium,  and  said  to  be  inert.  It  forms  a  blue  com- 
pound with  iodine,  and  is  changed  to  a  light  blue  color  by  the 
dilute  mineral  acids.  In  its  composition,  it  is  related  to  morphia 
and  codeia.  . 

Narcotine— Narcotina;  C4aH24N015.— This  sub-alkaloid  prin- 
ciple exists  in  the  free  state  in  opium,  and  may  be  removed  by 
ether,  or  it  may  be  obtained  from  the  residue  opium  which  has 
been  'submitted  to  the  action  of  cold  water,  by  acidulating  with 
acetic  acid,  filtering  and  adding  ammonia  to  precipitate  the  nar- 
cotine It 'may  be  further  purified,  by  boiling  on  the  precipitate 
alcohol,  and  collecting  the  precipitate  which  falls  as  it  cools.  It 
is  a  white,  inodorous  body,  crystallizing  in  fine  prisms,  soluble  in 
ether  essential  oils,  and  acids.  It  does  not  appear  to  have  any 
narcotic  properties,  but  resembles  quinine,  and  is  largely  em- 
ployed in  the  East  Indies,  as  a  remedy  in  intermittents. 
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Nicotine — C10H8N — is  the  acrid  oily  alkaloid  of  cured  tobacco 
leaves ;  it  becomes  thick  and  brown  by  exposure  to  the  air.  It 
appears  to  be  a  powerful  narcotic  poison,  especally  to  insects. 

Picrotoxine — Picrotoxic  Acid. — A  feeble  acid  derived  from  the 
Cocculus  lndicus  berries,  and  constituting  their  active  principle. 
It  is  a  white  crystalline  body,  slightly  soluble  in  water,  and  very 
soluble  in  alcohol  and  ether.  It  possesses  the  properties  of  the 
berries. 

Piperine;  C34Hl9N06.  —  It  is  a  white  or  yellow  crystalline 
body,  tasteless,  and  having  the  characters  more  of  a  resin  than 
alkaloid.  It  is  procured  from  the  peppers  and  from  cubebs.  It 
appears  to  be  a  valuable  febrifuge,  even  preferable  to  quinine; 
the  dose  to  cure  an  intermittent  is,  according  to  Mali,  from  40  to 
GO  grains  administered  in  alcoholic  solution,  in  the  same  way  as 
quinine. 

Quinine — Quinia;  C20Hl2NO2. — The  well  known  alkaloid  of 
yellow  bark.  In  the  pure  state  it  is  white,  rather  amorphous, 
very  bitter,  and  fusible  at  300°  F.,  being  converted  into  a  yellow 
substance  like  resin.  It  is  readily  soluble  in  alcohol,  ether,  and 
acids.  It  unites  with  most  acids  forming  soluble  crystalline  salts ; 
of  these  the  sulphate,  citrate,  and  hydrochlorate  are  best  known. 

The  common  salt  is  the  disulphate,  and  is  almost  insoluble  in 
water,  but  by  the  addition  of  a  little  acid,  it  dissolves.  The 
arsenite  of  quinine  has  recently  been  recommended  in  obstinate 
cases  of  intermittent;  and  the  citrate  of  iron  and  quinine  is  an 
approved  tonic  and  nervous  stimulant. 

The  crystallized  disulphate  of  quinine  of  commerce  contains 
eight  atoms  of  water  of  crystallization ;  it  is  fibrous,  of  a  silky 
lustre,  melts  at  240°  F.,  then  assumes  a  red  color,  and  is  entirely 
dissipated  at  a  red  heat  without  odor  or  residue.  In  small  doses 
of  one  to  two  grains,  this  salt  is  a  tonic,  a  nervous  stimulant  and 
febrifuge — when  long  repeated,  producing  headache,  affecting  the 
nerves  of  special  sense,  and  causing  a  febrile  condition.  In  the 
severe  remittents  of  the  south,  it  is  often  administered  in  doses  of 
twenty  to  sixty  grains,  and  appears  to  produce  no  injurious  con- 
sequences, but  to  subdue  the  disease  much  sooner  than  if  given 
in  divided  doses.  It  also  acts  as  a  prophylactic  against  inter- 
mittents,  if  occasionally  taken. 

dnchonine,  derived  from  the  pale  bark,  differs  from  quinine, 
in  containing  one  atom  less  oxygen,  is  more  crystalline,  and  not 
so  active  as  a  medicine.  Aricina,  from  cusco-cinchona,  is  another 
alkaloid;  this  contains  one  atom  more  oxygen  than  quinine;  it 
is  not  used.  Besides  these,  several  other  alkaloids  are  said  to 
exist  in  the  cinchonas. 

Solanine  is  found  in  the  stems  of  the  dulcamara  [Solarium 
dulcamara),  and  the  young  shoots  of  the  potatoe.     It  is  an  acrid 
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alkaline  body,  crystallizing  like  the  sulphate  of  quinine.  A 
grain  is  said  to  have  killed  a  dog. 

Strychnine — Strychnia;  C44H23N208.. — This  active  alkaloid 
is  found  in  the  nux  vomica,  and  the  barks  of  the  species  of 
strychnos,  usually  associated  with  brucia,  which  closely  re- 
sembles  it,  and   has   the  formula  C,,H,.N,07.     It   forms  bright, 

II  ill  l  ^ 

small,  octahedral  crystals,  without  color,  of  an  intensely  bitter 
taste.  It  is  scarcely  soluble  in  water,  but  much  more  so  in  hot 
dilute  alcohol.  It  forms  well-defined  salts  with  acids,  of  which 
the  sulphate,  muriate,  acetate  and  nitrate  are  best  known. 

It  is  a  violent  poison,  producing  tetanic  convulsions,  stimulating 
the  nervous  system  generally,  and  causing  death  by  asphyxia ; 
one  grain  proves  fatal  to  a  dog.  Given  as  a  stimulant  in  paralysis 
and  other  diseases,  the  dose  is  from  gr.  ^  to  J^  gr.  It  is 
sometimes  applied  endermically  as  a  violent  irritant,  a  quarter  to 
half  a  grain  being  used  to  the  denuded  surface.  No  antidote  is 
known,  but  astringents  are  said  to  be  useful. 

Brucia,  also  derived  from  nux  vomica,  has  the  same  medicinal 
properties,  but  not  one-twentieth  of  the  activity.  It  is  readily  dis- 
tinguished from  strychnine  by  its  greater  solubility  in  water  and 
alcohol. 

Thebainc — Paramorphia;  C2.H14N03. — An  alkaloid  body  de- 
rived from  opium,  which  somewhat  resembles  narcotine.  Its 
medicinal  properties  are  scarcely  known;  but  it  appears  to  be  a 
nervous  stimulant. 

Theobromine ;  C9H.N302. — A  substance  resembling  caffeine, 
obtained  f|?om  cocoa  seeds  (theobroma  cacoa). 

Veratrine — Veratria;  C34H22N06. — The  alkaloid  of  several 
species  of  veratrum.  When  pure  it  is  nearly  white,  pulveru- 
lent, of  an  acrid  taste,  fusible  at  240°  F.,  soluble  in  alcohol,  but 
sparingly  so  in  ether  or  water.  Its  salts  have  a  gummy  appear- 
ance. Locally  applied  in  alcoholic  solution  or  ointment  it  is  a 
powerful  irriiant,  producing  heat  and  tingling,  and  is  partially 
employed  in  neuralgias  as  a  counter-irritant.  Internally  admin- 
istered in  doses  of  gr.  g  to  gr.  |,  it  produces  irritation  of  the 
stomach  and  bowels  with  vomiting  and  costiveness,  and  anoma- 
lous nervous  symptoms,  but  is  rarely  employed  this  way.  A  very 
minute  portion  produces  violent  sneezing  when  drawn  into  the 
nostrils. 
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THE  PROTEINE  SERIES. 

We  have  referred  to  the  formation  of  Proteine,  the  basis  of 
animal  matters,  in  the  juices  of  the  plant,  by  the  combination  of 
ammonia  with  some  of  the  amylum  bodies.  This  view  is  based 
on  the  fact  that  proteine  bodies  are  converted  into  ammonia  and  a 
black  substance,  having  the  elements  of  water  with  carbon,  by  the 
action  of  hydrochloric  acid,  in  the  presence  of  air.  This  resembles 
the  black  substance  produced  by  hydrochloric  acid  on  sugar.  The 
ammonia  combines  with  the  acid  and  the  hydrated  carbonaceous 
matter  is  precipitated.  Thus  one  atom  of  proteine  is  resolved 
into  four  atoms  of  hydrated  carbon,  and  six  of  ammonia,  with  the 
absorption  of  oxygen. 

The  reverse  may  take  place  as  follows: 

4  atoms  of  dextrine  (Cia  H|0  O10)  C48  H40  O40 
6  atoms  of  ammonia  (N    Hs)  H,s         N6 

Yield  C,s  H„  0„n  Nfi 


1  atom  of  proteine  -         -         C4S  H36  0|4  ISjp 

22  atoms  of  water  -         -  H22  022 

4  atoms  of  oxygen  -         -  04 


C„a  H=fl  0,n  N, 


As  ammonia  is  always  to  be  found  in  the  juices  of  plants,  and 
especially  the  young  roots,  where  proteine  bodies  also  abound; 
it  is  highly  probable  that  the  action  here  described  does  take  place. 

The  proteine  bodies  of  plants  and  animals  contain  sulphur, 
phosphorus  and  other  bodies,  from  which  the  radical  may  be 
separated  by  long  continued  action  at  a  temperature  of  about  120° 
F.  with  a  moderately  strong  solution  of  caustic  potash.  By  this 
means  a  solution  of  proteine  in  potash  is  obtained,  the  sulphur 
and  phosphorus  being  separated  and  combining  with  the  mineral. 
This  is  next  filtered  and  then  precipitated  by  the  cautious  addition 
of  acetic  acid  ;  for  if  an  excess  be  employed,  the  precipitate,  which 
is  proteine,  will  be  redissolved.  If  the  potash  solution  be  too 
strong,  the  proteine  will  be  decomposed. 

In  the  moist  state,  proteine  is  a  grayish-white  gelatinous  body, 
insoluble  in  water,  alcohol,  and  ether,  without  taste  or  smell,  and 
passing,  when  exposed  to  air,  into  the  putrefactive  fermentation. 
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It  is  soluble  in  alkaline  solutions  and  dilute  acids,  but  the  strong 
acids,  except  the  acetic  and  phosphoric,  coagulate  its  solution. 
Upon  drying  it  becomes  a  light  yellowish,  brittle  solid,  resembling 
gum  Arabic  in  appearance,  and  in  this  state  may  be  preserved  for 
any  length  of  time  without  change,  if  kept  in  dry  air. 

The  reactions  of  a  solution  of  proteine  are  very  similar  to  those 
of  albumen,  caseine  and  fibrine.  It  is  precipitated  by  many  metal- 
lic salts,  by  most  strong  acids,  by  alcohol,  creasote  and  tannin.  Its 
presence  is  readily  detected  by  the  action  of  a  little  strong  muri- 
atic acid.  This  agent,  assisted  by  heat,  imparts  to  the  proteine  a 
pinkish  color,  which  changes  to  purple  and  becomes  ultimately 
black.  It  is  also  known  by  its  insolubility  in  alcohol  and  ether, 
and  by  the  precipitate  formed  in  its  acid  solutions  by  the  red  and 
yellow  prussiate  of  potash. 

The  formula  for  proteine  derived  from  its  compounds  with 
chlorine  (chloro-proteic  acid),  sulphuric  acid  (sufpho-proteic  acid), 
tannic  acid  {t annate  of-proteine),  and  other  bodies,  appears  to  be 
C40H3|N.OI2,  as  interpreted  by  Mulder;  Liebig  has,  however, 
given  the  formula  C4SH36NtiOu,  which  is  nearly  similar,  and  to  be 
preferred  for  several  reasons.  This  composition  is  the  same, 
whether  it  be  obtained  from  vegetable  bodies,  albumen,  fibrine,  ca- 
seine, horn,  hair,  animal  tissues,  or  any  of  the  proteine  compounds. 

Some  difference  of  opinion  exists  as  to  the  entire  absence  of 
sulphur  in  proteine,  but  it  is  not  of  sufficient  importance  to  throw 
doubt  on  the  above  formula,  and  the  experiments  advanced  to  sus- 
tain this  view  are,  to  say  the  least,  liable  to  severe  criticism. 

Proteine  is  a  true  compound  radical,  and  the  most  important 
body  in  organic  chemistry,  being  the  basis  of  those  substances 
which  are  capable  of  sustaining  life  in  animals.  Without  its  com- 
pounds, animals  could  not  exist,  for  they  make  up  the  various 
tissues  of  the  body,  as  well  as  sustain  life.  Scherer,  Jones,  and 
others,  have  also  proved  that  the  proteinous  compounds  of  vege- 
tables are  identical  with  the  matters  which  exist  in  the  bodies  of 
animals,  and  by  this  remarkable  discovery,  have  thrown  a  flood  of 
light  on  the  processes  of  digestion  and  nutrition.  For,  so  far  as 
these  substances  are  concerned,  they  undergo  no  change  in  the 
stomach,  being  merely  dissolved  and  passing  directly  into  the 
blood  to  be  employed  in  the  reparation  of  the  frame. 

In  consequence  of  the  complex  structure  of  this  body  it  is 
extremely  subject  to  the  action  of  chemical  agents.  Exposed 
to  the  air  in  the  moist  state  it  absorbs  oxygen  and  a  variety  of 
oxides  of  proteine  are  formed,  but  after  a  time  decomposition 
occurs  carbonate  of  ammonia  is  evolved  and  putrefaction  takes 
place.  In  these  changes  numerous  interesting  bodies  are  pro- 
duced; the  first  oxides  form  the  materials  of  the  human  body; 
further  oxides  constitute  diastase,  ptyalin,  pepsin,  the  active  fer- 
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merits  of  germination  and  digestion ;  and  a  still  further  state  of 
oxidation  yields  yeast  and  allied  ferments.  _ 

The  action  of  nitric  acid  on  proteine  is  interesting,  and  furnishes 
additional  evidence  of  its  derivation  from  ammonia  and  an  amy- 
laceous body.  This  agent  converts  it  into  oxalic  acid,  ammonia 
and  a  bright  yellow,  insoluble  body,  termed  Xanthoproteic  acid. 
It  will  be  remembered"  that  by  the  action  of  nitric  acid  on  sugar 
and  the  amylum  series  oxalic  acid  is  produced.  The  following 
table  contains  the  most  important  compounds  of  proteine;  the 
formulas  attached  are  not,  however,  to  be  taken  as  expressing  the 
absolute  composition  of  the  bodies,  but  only  as  approximations: 

COMPOUNDS    OF    PROTEINE. 

Proteine,  Symbol  Pr        -         -         -  C18H36N6014 

Binoxide  of  proteine       -  Pr^ 

Tritoxide  of  proteine      -  Pr,^3 

Sulphuret  of  proteine  (caseine)        -  10Pr,S 

Globulin  {another  sulphuret)  -  15Pr,S 

Sulpho-phosplmret  of  proteine  (fibrine)   10Pr,P,S 

Albumen  of  tbe  egg      -         -         -  10Pr,P,S 

Albumen  of  the  blood  -         -  10Pr,P,S2 

Muscular  flesh       -         -       -  -         -  Pr,H+HO 

Arterial  membrane         -         -         -  Pr-f-2HO 

Mucus Pr+3HO 

Chondrin Pr,02-f4HO 

Horny  tissue,  hair  -         -         -  Pr,03-f-NH"3 

Gelatinous  tissue  -         -         -  2Pr,07+3NH3+HO 

The  Binoxide  and  Tritoxide  of  Proteine. — When  albumen 
or  fleshy  fibre  are  boiled  for  a  long  time  with  water  in  a  vessel 
exposed  to  the  air  they  become  resolved  into  two  parts;  one 
soluble,  found  in  the  soup,  which  is  the  tritoxide;  the  other  inso- 
luble, and  containing  more  oxygen  than  proteine,  the  binoxide. 
These  bodies  exist  ready  formed  in  blood,  and  are  in  excess  in  the 
inflammatory  product  called  the  bitffy  coat.  The  production  of 
oxides  of  proteine  in  blood  will  not  be  considered  extraordinary, 
when  it  is  remembered  that  this  fluid  consists  of  proteine  bodies, 
in  contact  with  oxygen.  The  excess  of  oxides  in  inflamed  blood 
will  also  be  recognized  as  a  consequence  of  the  increased  respira- 
tions accompanying  fevers,  by  which  large  amounts  of  oxygen 
are  introduced  into  the  frame.  Whenever  oxygen,  in  the  course 
of  disease,  is  retained  in  the  blood  instead  of  acting  on  the  tissues, 
it  will  also  produce  the  buffy  coat. 

The  binoxide  is  the  insoluble  substance  left  after  boiling  fibrine 
for  some  hours ;  it  does  not  dissolve  in  alcohol,  but  is  soluble  in 
dilute  acids,  potash  and  ammonia.     In  the  dry  state,  it  forms  a 
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black, glossy,  resinous  body, which  yields  an  amber-yellow  powder. 
A  solution  in  acids  is  precipitated  by  the  yellow  and  red  prussiate 
of  potash. 

This  is  the  principal  constituent  of  the  buffy  coat  of  the 
blood  ;  it  is  also  found  in  false  membranes  and  in  the  globules  of 
pus  ;  but  it  also  exists  normally  in  arterial  blood,  for  the  fibrine  of 
this  fluid  absorbs  oxygen  in  the  lungs  and  becomes  changed  in 
part  into  this  and  the  tritoxide  of  proteine. 

The  tritoxide  is  very  soluble  in  cold  water,  but  not  in  ether  or 
alcohol ;  the  solution  resembles  that  of  jelly,  and  when  it  is  evapo- 
rated away,  it  first  forms  a  jelly-like  body,  but  ultimately  dries 
into  a  bright  amber  colored  solid.  The  aqueous  solution  is  pre- 
cipitated by  the  dilute  acids,  tannic  acid,  chlorine  and  many  me- 
tallic salts  ;  with  the  latter  the  tritoxide  forms  double  salts.  It  is 
not  precipitated  by  the  neutral  salts  of  potash  and  soda,  by  dilute 
acetic  acid,  nor  by  the  prussiate  of  potash. 

It  is  found  in  the  blood,  being  derived  from  the  oxidation  of 
fibrine  in  the  lungs,  and  is  one  of  the  chief  means  of  carrying 
oxygen  throughout  the  system.  It  also  exists  in  pus,  being  the. 
substance  formerly  termed  pyin,  and  is  associated  with  the  binox- 
ide  in  many  products  of  inflamation,  as  in  false  membranes. 
The  nutritious  matter  of  soups  and  beef  tea  consists  chiefly  of 
this  body. 

Pus,  it  has  been  said,  consists  of  the  binoxide  and  tritoxide  of 
proteine,  but  these  bodies  are  included  in  regularly  organized 
cellules  usually  of  the  ^oVo"  of  an  inch,  but  being  sometimes  as 
much  as  the  j-^1^  and  at  others  less  than  the  jj\j-7th.  The  glo- 
bules are  usually  tuberculated  on  their  surfaces  and  not  smooth, 
of  a  yellow  color,  in  groups,  opaque,  tough  and  nucleated.  They 
swim  in  a  clear  liquid  called  the  liquor  puris.  This  secretion  is 
closely  analogous  with  the  serum  of  blood,  and  differs  from  it 
chemically  only  in  the  fact  that  its  proteine  compounds  are  oxyd- 
ized.  The  cellules  of  pus  differ  with  the  morbid  substance 
from  which  they  are  obtained,  being  sometimes  smooth  and  at 
others  elongated,  and  fusiform  or  cordate  in  the  ichor  of  cancerous 
ulcers. 

The  diagnosis  between  pus  and  mucus,  which  are  often  con- 
founded, is  simple.  If  a  little  caustic  alkali  be  mixed  with  mucus, 
it  is  dissolved,  and  forms  a  clear  solution  ;  but  mixed  with  pus  it 
converts  it  into  a  transparent  gelatinous  substance,  which  may  be 
drawn  out  into  threads. 

Other  Oxides  of  Proteine. — If  the  binoxide  of  proteine  be 
treated  by  chlorine,  it  loses  an  atom  of  nitrogen  and  acquires 
three  of  oxygen,  thus  yielding  a  third  oxide,  which  has  not  been 
named     By  boiling  yeast,  a  soluble  substance  is  obtained,  having 
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the  formula  of  proteine,  with  eight  atoms  of  oxygen.  Diastase 
and  Pepsin,  as  well  as  other  ferments,  may  also  be  referred  to  this 
class  of  bodies  ;  but  the  analytical  evidence  is  still  imperfect.  For 
an  account  of  diastase,  pepsin  and  ptyalin,  the  student  is  referred 
to  the  article  on  digestion. 


ALBUMEN,  FIBRIXE,  AND  CASEIXE. 

Albumen. — The  white  of  eggs,  the  serum  of  blood,  and  the 
coagulable  material  of  the  juices  of  plants  furnish  specimens  of  al- 
bumen. Like  fibrine  and  caseine,  it  may  exist  in  three  states;  in 
solution,  in  the  hydrated  form,  and  in  the  dry  or  anhydrous  state. 
It  is  generally  supposed  that  its  soluble  state  is  due  to  the  action 
of  a  minute  quantity  of  soda  or  other  saline  matter.  In  this  state 
it  is  a  glairy  fluid,  from  which  the  albumen  is  readily  precipi- 
tated by  heat,  creasote  and  other  empyreumatic  bodies,  most  acids, 
metallic  salts,  and  by  the  red  and  yellow  prussiates  of  potash.  A 
very  small  amount  of  saline  matter  throws  it  down,  because  of  the 
high  equivalent  of  albumen.  This  is  an  interesting  fact,  as  it  is 
connected  with  the  therapeutic  action  of  metallic  substances. 
Assuming  the  formula,  as  given,  to  be  10Pr  +  S,P,  its  equivalent 
will  be  5600,  and  this  number  will  represent  the  quantity  of  albu- 
men, which  unites  with  one  or  two  atoms  of  the  metallic  salt,  or 
from  60  to  100  parts  by  weight. 

In  the  dry  state  albumen  is  a  bright  yellow  solid,  resembling 
gum  Arabic,  neutral  and  without  smell  or  taste.  This  slowly  dis- 
solves in  cold  water,  forming  a  glairy  liquid,  which  begins  to 
coagulate  at  140°  F.,  or  if  dilute  at  167°  F.,  and  becomes  white 
and  subsequently  insoluble  in  water.  Coagulated  albumen  does 
not,  however,  dissolve  in  water, but  merely  swells.  The  relation 
of  albumen  to  reagents  is  similar  to  that  of  proteine.  The  solu- 
tion is  precipitated  by  every  acid  except  the  acetic,  tartaric  and 
tribasic  phosphoric,  which  have  also  the  property  of  hindering  the 
solution  from  being  coagulated  by  heat.  A  weak  solution  of  pot- 
ash, soda,  or  their  carbonates,  dissolve  albumen. 

Tests — Albuminous  solutions  coagulate  at  167°  F.  They  are 
not  precipitated  by  dilute  sulphuric  acid,  or  acetic  acid,  but  ferro- 
cyanide  of  potassium  throws  down  a  white  precipitate  from  its 
solutions.  Nitric  acid,  corrosive  sublimate  and  electricity  also  co- 
agulate it. 

The  detection  of  albumen  in  morbid  fluids,  especially  the  urine, 
has  become  a  matter  of  importance  in  the  diagnosis  of  many  dis- 
eases. For  this  purpose,  the  clear  urine  is  heated,  and  a  drop  of 
nitric  acid  added,  when  coagula  are  produced  if  albumen  be  pre- 
sent.    If  the  amount  be  large,  heat  alone  will  produce  coagula. 

Relations  to  the  Animal. — Albumen  occupies  the  first  position 
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in  the  proteine  series.  From  this  principle,  derived  from  the 
blood,  the  various  tissues  are  formed.  It  is  the  blastema  or  cell- 
iood  of  the  physiologist,  and  is  competent  alone  to  sustain  every 
organ  of  the  body.  The  egg  contains  no  other  proteine  compound 
but  albumen,  yet  in  the  metamorphoses  which  occur  during  incu- 
bation, this  body,  aided  by  oxygen,  and  the  elements  of  the  yellow 
oil  of  the  yolk,  yield  flesh,  the  tissues,  blood,  blood  globules, 
fibnne,  vessels,  claws,  skin,  feathers  and  various  organs.  Thus 
by  the  metamorphoses  of  albumen  in  the  presence  of  water  and 
oxygen,  all  the  principles  of  the  body  are  formed. 

There  are,  however,  varieties  of  albumen,  that  from  the  serum 
of  human  blood,  containing  two  atoms  of  sulphur,  whilst  that  from 
the  white  of  egg  contains  but  one,  and  is  isomeric  with  soluble 
fibrine.  The  amount  of  saline  matters,  usually  phosphates  of  soda, 
lime  and  magnesia,  and  sulphates,  also  differ  in  specimens  derived 
from  different  sources. 

Albumen  is  the  chief  constituent  of  the  blood,  of  the  chyle, 
brain  and  lymph.  It  is  present  in  most  excreted  fluids,  espe- 
cially serous  fluids,  and  when  in  excess,  injures  the  health  by 
depriving  the  body  of  a  part  of  its  nutrition.  Albumen,  in  the 
urine,  indicates  inflammatory  action  of  the  kidneys,  or  when  in 
excess,  disorganization,  as  in  Bright's  disease.  This  important 
body  is  also  thrown  out  in  severe  diarrhoeas  and  in  dysentery,  and 
occurs  in  the  fluid  of  leucorrhcea,  in  protracted  cases,  with  ema- 
ciation. 

It  is  the  principal  nutritious  body  of  vegetable  substances.  In 
fruits,  and  the  juicy  parts  of  plants,  it  exists  in  the  soluble  state, 
but  in  the  seeds  is  coagulated. 

Fibrine. — Fibrine  exists  in  the  soluble  and  coagulated  state. 
In  the  former  stale  it  is  found  in  the  liquor  sanguinis  or  plasma  of 
the  blood,  in  lymph,  chyle  and  the  juices  of  plants,  but  it  spon- 
taneously coagulates  when  these  substances  are  exposed  to  the 
air.  The  coagulation  of  blood  is  an  effect  of  this  change.  Fibrine 
has  the  tendency  in  coagulating  to  arrange  itself  into  fibres  or 
granules,  especially  if  the  blood  be  stirred  or  whipped  with 
switches.  This  fact  furnishes  a  test  of  its  presence,  and  also 
enables  us  to  estimate  its  amount  in  blood.  For  this  purpose 
fresh  drawn  blood  is  whipped  with  twigs  and  the  adherent  fibrine 
removed,  dried  and  weighed.  After  its  separation,  the  fluid  will 
not  coagulate,  nor  does  a  stream  of  oxygen  passed  through  it  give 
the  arterial  color  to  venous  blood. 

Dry  fibrine  has  a  pale  yellow  color,  is  without  taste  or  odor,  and 
Insoluble  in  water,  alcohol  or  ether,  but  it  swells  in  water.  Its 
reactions  are  the  same  as  those  of  proteine.  In  the  blood  it  is 
found  associated  with  about  2  per  cent,  of  saline  matter,  and  2  to 
4  per  cent,  of  fat. 
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The  proportion  of  fibrine  in  healthy  blood  is  about  0.2  per  cent., 
but  is  much  increased  in  many  inflammatory  diseases.  It  answers 
a  very  important  office  in  the  economy,  being  the  principal  means  of 
absorbing  oxygen  from  the  air  in  the  lungs,  and  carrying  it  through 
the  system.  Moist  fibrine  has  a  great  affinity  for  oxygen,  and  is 
therefore  peculiarly  liable  to  change,  being  converted  into  the  bin- 
oxide  and  tritoxide  of  proteine  very  readily.  In  this  case,  the 
sulphur  and  phosphorus  are  most  probably  oxydized,  and  converted 
into  sulphuric  and  phosphoric  acids.  Dr.  G.  O.  Rees  is  of  opinion 
that  much  of  the  animal  heat  arises  from  the  oxydation  of  phos- 
phorus in  the  system,  which  may  take  place  in  the  above  manner. 
This  theory  is  not  of  much  importance,  however,  for  the  amount 
of  phosphorus  in  the  blood  is  exceedingly  minute. 

Its  relations  to  the  animal  body. — Fibrine  may  be  regarded  as 
a  derivative  of  albumen,  and  is  of  far  less  importance.  Indeed, 
as  it  is  an  isomeric  body,  a  trivial  cause  is,  no  doubt,  competent  to 
convert  albumen  into  this  body.  It  exists  in  the  plasma  or  coagu- 
lable  lymph,  and  is  probably  connected  with  the  organization  of 
the  tissues,  but  in  this  process  appears  to  be  converted  into  the 
hydrates  and  oxides  of  proteine,  for  muscular  fibre,  arterial  mem- 
brane, mucus  and  chondrine  do  not  contain  fibrine,  but  the  above 
bodies.  Fibrine  is  not,  therefore,  a  component  of  the  tissues, 
but  only  of  the  animal  and  vegetable  fluids. 

Tests. — It  is  distinguished  by  its  spontaneous  coagulability,  by 
its  insolubility,  and  by  having  the  reactions  of  proteine. 

Caseine. — This  is  the  principal  ingredient  in  the  curd  of  milk; 
it  also  exists  in  leguminous  plants,  and  has  been  obtained  from 
tuberculous  matter  and  other  diseased  products.  It  exists  in  the 
soluble  form,  united  with  a  little  soda,  in  milk,  and  in  the  coagu- 
lated state  in  cheese. 

Its  reactions  are  similar  to  those  of  proteine,  but  it  is  readily 
distinguished  from  albumen  and  fibrine,  by  the  fact  that  it  does 
not  coagulate  by  heat.  But  if  a  solution  be  boiled  in  the  open 
air,  a  pellicle  forms  on  the  surface,  which  is  due  to  the  action  of 
oxygen.  It  is  thrown  down  by  all  the  dilute  acids,  but  redissolves 
when  they  are  in  excess.  Rennet,  or  the  prepared  stomach  of  the 
calf,  as  well  as  mucous  membranes  undergoing  change,  have  the 
property  of  coagulating  solutions  of  caseine.  It  is  obviously  a 
derivative  from  albumen,  for  milk  contains  no  other  proteine  com- 
pound, whilst  blood,  from  which  this  secretion  is  drawn,  contains 
no  caseine  in  solution. 

Milk. — This  is  an  emulsion  of  fatty  matter  (butter),  soluble 
caseine  and  sugar  of  milk,  in  water.  The  fats  are  enclosed  in  the 
globules.  The  proportions  of  these  bodies  differ  in  the  milk  of 
animals.  The  following  table  gives  the  average  composition  in 
1000  parts: 


Caseine. 

Sugar. 

03 

28 

80 

40 

32 

3G 

19 

62 
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Butter,  &c. 
Cow's  milk       -  40 

Goat's  milk       -         -  40 

Woman's  milk  -  29 

Ass's  milk         -  12 

From  this  it  will  appear  that  goats'  milk  is  the  richest,  and 
asses'  milk  the  poorest.  The  milk  of  women  contains  little  more 
than  half  the  caseine  of  that  of  the  cow,  and  less  butter;  if, 
therefore,  it  be  used  to  feed  infants,  it  should  be  mixed  with  its 
weight  of  water,  and  slightly  sweetened  with  sugar. 

Globxdin. — The  substance  which  forms  the  nucleus  of  the 
blood  corpucles,  is  to  be  regarded  a  variety  of  caseine,  and  is  pro- 
bably derived  from  albumen,  the  phosphorus  of  which  has  been 
transferred  to  other  bodies,  or  been  oxydized  by  the  oxygen  of  the 
blood. 

Crystcdlin  is  another  variety  found  in  the  crystalline  lens,  and 
some  morbid  products. 

OTHER  PROTEINE  BODIES. 

Mucus. — The  viscid  secretion  of  the  mucous  membrane  consists 
of  several  parts;  it  contains  globules  and  the  rudiments  of  cells 
{epithelium  cells),  suspended  in  a  thick  fluid  called  mucin,  which 
contains  saline  matters  and  has  an  alkaline  reaction.  lis  reactions 
are  those  of  proteine  compounds,  and  it  nearly  resembles  pus,  but 
may  be  distinguished  by  the  action  of  potash,  which  dissolves 
mucus,  but  converts  pus  into  a  ropy  mass.  According  to  the  ob- 
servations of  Liebig,  it  is  hydrated  proteine  (Pr+3HO),  hence 
its  derivation  from  the  albumen  of  blood  is  very  apparent,  as  it 
differs  from  it  only  in  the  separation  of  sulphur  and  phosphorus, 
and  the  acquisition  of  water. 

Chondrine  and  Glutine. — Animal  tissues,  especially  skin, 
serous  and  cellular  membranes,  aponeuroses,  tendons  and  bones 
yield,  when  long  boiled  with  water,  a  solution  which  coagulates 
on  cooling  and  is  called  gelatine.  Jelly,  isinglass,  glue  and 
osteocolla  are  specimens  of  this  substance. 

The  jelly  derived  from  isinglass,  skin,  cellular  tissue  and  bones 
is  readily  soluble  in  warm  water.  This  variety  of  gelatine  is 
called  Glutine,  and  differs  in  composition  and  reaction  from  that 
obtained  from  cartilage,  which  is  much  less  soluble,  and  is  called 
Chondrine. 

Glutine  (2Pr,07  +  3NH3-|-HO),  according  to  the  formula  of 
Scherer,  is  a  body  considerably  changed  from  proteine,  being  a 
compound  of  an  oxide  of  proteine  with  ammonia  and  water.  It 
is  one  of  the  final  products  of  the  metamorphoses  of  albumen  ; 
for  ammonia  is  an  effete  product  of  the  body.     Hence,  the  gela- 
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tinous  tissues  are  endowed  with  much  less  vitality  than  muscular 
fibre,  and  are  to  be  regarded  as  occupying  a  position  intermediate 
between  it  and  the  excretions. 

Horn,  hair,  hoofs  and  bone  yield  a  variety  of  glutine,  the  for- 
mula of  which  is,  Pr03+NH3,  a  direct  compound  of  ammonia 
and  tritoxide  of  proteine.  These  parts  are  nearly  excrementi- 
tious  and  possessed  of  no  vitality. 

This  principle  is  distinguished  from  chondrine  in  solution  by 
not  being  precipitated  by  the  acetate  of  lead,  alum,  sulphate  of 
copper,  acetic  acid  and  sulphate  of  iron,  all  of  which  form  inso- 
luble compounds  with  chondrine. 

On  boiling  glutine  in  an  excess  of  solution  of  potash  until  am- 
monia ceases  to  be  thrown  off,  it  is  converted  into  sugar  of  gelatine 
(glycicoll)  and  leucin.  Leucin  is  a  brilliant  crystalline  body, 
also  derived  from  proteine  by  the  action  of  potash ;  it  is  soluble  in 
water  and  alcohol,  consists  of  CI2H]2N04,  and  is,  according  to 
Mulder,  an  integral  constituent  of  proteine.  Glycicoll  is  soluble 
in  water  and  alcohol ;  it  has  a  sweet  taste  and  forms  colorless 
prismatic  crystals,  it  is  neutral,  and  unites  both  with  bases  and 
acids.  It  is  a  very  remarkable  fact  that  this  body  has  a  formula, 
CI6Hl8N40]4,  which  is  exactly  resolvable  into  an  atom  of  sugar 
and  two  of  urea:  or, 

1  atom  of  glycicoll      -         -         -  C16  H,s  N,4  04 

yields  

2  atoms  of  urea  (C2H4N202)  -         C4  H8    N4  04 
1  atom  of  dry  glucose  or  of  dextrine   C12  HI0        O10 


C«  H,„  N,  O, 


Urea  is  an  effete  product  of  proteinous  bodies  and  the  princi- 
pal constituent  of  urine;  it  is  also  resolvable  by  fermentation  in 
the  presence  of  water  into  carbonate  of  ammonia.  Hence  glyci- 
coll would  appear  to  be  formed  in  the  disorganization  of  proteine 
into  urea,  and  marks  a  stage  in  the  processes  of  change  in  the  body. 

Chondrine  differs  from  glutine  in  the  action  of  reagents  and  in 
solubility.  Its  formula  seems  to  agree  with  hydrated  binoxide 
of  proteine,  Pr,02+4HO.  It  is,  therefore,  not  to  be  regarded  as 
an  effete  product  of  the  body,  but  as  a  principle  remarkable  for 
its  permanence  and  indestructibility.  It  is  extracted  from  the 
permanent  cartilages. 

Gelatine  derived  from  either  of  these  sources  has  several  pro- 
perties in  common.  Tannic  acid  precipitates  them  both  from  their 
solutions ;  this  it  effects  even  when  there  is  but  one  part  of 
gelatine  in  5000  of  water.  Creasote  and  strong  alcohol  also 
precipitate  it. 

The  action  of  tannic  acid  is  interesting,  for  this  body  is  the 
active  ingredient  of   vegetable  astringents  and  most  tonics,  and 
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there  exists  no  doubt  that  these  medicines  act  by  effecting  a 
direct  union  with  the  gelatine  of  the  Jiving  tissues.  The  astrin- 
gent effect  is  hence  a  result  of  the  formation  of  an  insoluble 
tannate  of  gelatine  on  the  surface  of  the  tissues,  in  consequence 
of  which  corrugation  takes  place,  or  the  secretions  of  the  part 
are  arrested  by  a  tough  covering  of  tannate.  Such  remedies  do 
not  enter  the  blood,  for  the  active  principle  is  neutralized  by  the 
first  contact  with  the  gelatinous  tissues:  and  if  they  did,  death 
would  soon  ensue,  for  Mulder  has  calculated  that  the  tannic  acid 
of  one  ounce  of  cinchona  bark  injected  into  the  blood  would 
destroy  its  fluidity  and  produce  instant  death. 

Leather  is  an  impure  tannate  of  gelatine,  and  gives  us  an  idea 
of  the  toughness  and  indestructibility  of  this  body.  In  its  pre- 
paration a  solution  made  from  oak  bark,  sumach,  hemlock  and 
other  astringent  bodies,  is  employed,  and  made  to  combine  with 
the  gelatine  of  the  hide. 

Solution  of  gelatine,  in  common  with  the  proteine  bodies,  if 
mixed  with  solution  of  sulphate  of  copper  and  then  treated  with 
a  large  excess  of  caustic  potash,  yields  a  magnificent  purple  color. 
But  it  does  not  answer  to  the  test  for  proteine  with  hydrochloric 
acid;  hence,  although  many  chemists  allow  that  proteine  exists  in 
gelatine,  others  deny  it. 

Gelatine  is  much  used  in  the  arts  as  an  adhesive  material,  in 
the  form  of  glue  and  size.  It  is  also  the  principal  constituent  of 
jellies,  and  abounds  in  soups.  Its  value  as  food  is  not  of  so  much 
importance  as  is  generally  supposed;  but  on  this  subject  the  stu- 
dent is  referred  to  the  article  on  food. 

Muscular  Flesh  and  Arterial  Membrane. — These  sub- 
stances require  no  description.  They  are  proteine  compounds, 
for  they  answer  to  all  the  reagents,  are  soluble  in  alkalies,  and 
precipitated  from  their  solutions  by  the  metallic  salts,  &c.  Their 
relation  to  albumen  is  very  simple,  both  of  them  containing  hy- 
drated  proteine;  hence,  they  differ  from  it  in  the  absence  of  sulphur 
and  phosphorus,  and  are  readily  derived  from  the  plasma  of  the 
blood.  These  bodies,  like  all  animal  tissues,  are  associated  with 
saline  matters,  and  principally  phosphates. 

Liebig  has  observed,  that  the  fluid  which  pervades  the  muscular 
portions  of  the  body,  has  an  acid  reaction;  and  in  this  respect, 
differs  from  blood,  chyle  and  lymph,  which  have  an  alkaline  re- 
action. The  acid  action  of  the  meat  is  due  to  the  presence  of  the 
acid  tribasic  phosphates  of  soda  and  potash,  while  the  alkaline 
property  of  the  circulating  fluids  depends  upon  the  alkaline  phos- 
phate (Na,P06  +  2NaO).  This  chemist  is  disposed  to  regard  this 
difference  of  property  as  connected  with  the  cause  of  nutrition 
and  muscular  action. 

He  has  also  detected  kreatin,  a  crystalline  body  discovered  by 
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Chevr^ul,  in  beef  tea,  and  also  existing  in  the  water  extract  of 
blood,  in  the  liquids  pervading  the  muscles  of  numerous  animals. 
Kreatin  is  neutral,  and  dissolves  in  weak  acids  and  alkaline  liquids, 
but  is  changed  into  a  base  called  kreatinine,  by  strong  acids. 
Liebig  observes,  that  kreatin  contains  the  elements  of  glycicoll 
and  an  atom  of  ammonia,  and  creatinine  of  those  of  caffeine  with 
one  atom  of  starch.  This  may  explain  the  property  of  tea  and 
coffee,  in  appeasing  the  appetite  and  diminishing  waste  in  the 
muscular  tissues,  which  have  been  attributed  to  them. 

It  also  throws  light  on  the  passage  of  proteine  matters  into  urea, 
in  the  metamorphoses  of  the  body.  The  kreatin  being  the  sub- 
stance primarily  derived  from  the  change  of  muscular  fibre,  and 
becoming,  itself,  converted  into  urea  by  further  decomposition. 
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PART    IV. 


ANIMAL    CHEMISTRY. 

Many  of  the  substances  already  described,  belong  to  animal  che- 
mistry, but  most  are,  likewise,  vegetable  principles.  In  this  place 
we  propose,  for  the  most  part,  to  consider  the  chemical  operations 
transpiring  in  the  bodies  of  the  higher  animals,  with  their  results, 
rather  than  the  organic  substances.  To  this  consideration  be- 
long, digestion,  absorption  or  capillary  action,  sanguification,  respi- 
ration and  secretion.  These  topics  will  be  taken  up  in  the  above 
order,  and  such  remarks  included  under  each  head  as  may  eluci- 
date therapeutics  and  pathology. 


DIGESTION. 

Digestion  is  the  process  to  which  food  is  subjected  in  the  bodies 
of  animals,  to  prepare  it  for  the  maintenance  of  life.  In  the  car- 
nivora  it  is  much  more  simple  than  in  herbivorous  animals, 
who  are  provided  with  four  paunches,  or  stomachs,  to  carry  on 
digestion.  This  difference  is  due  to  the  fact  that  animal  aliment 
requires  little  change  to  sustain  the  body;  but  plants  contain 
much  that  is  innutritions,  and  which  has  to  be  separated  from  the 
nutritious  portions.  The  digestion  of  animal  food  is  also  simpler, 
for  it  contains  but  two  classes  of  bodies,  proteinous  and  fatty  sub- 
stances; whilst  herbs  yield  these,  and  an  abundance  of  starchy 
bodies  in  addition.  Hence,  the  digestion  of  vegetables  and  meats 
differ  principally  in  two  respects;  that  the  nutritious  matter  is 
simpler  and  more  condensed  in  meats  than  in  plants.  The  pro- 
cess is  also  much  shorter  in  the  carnivora,  and  the  amount  in- 
gested less  than  in  the  herbivora. 

Preliminary  to  the  study  of  the  process  of  digestion,  it  is  there- 
fore necessary  that  the  nature  of  food  be  considered;  and  on  this 
topic  we  shall  confine  ourselves  to  the  food  used  by  man.  After 
this,  we  shall  consider  the  action  of  the  saliva,  gastric  juice,  bile 
and  pancreatic  secretion  on  the  several  aliments;  and  lastly,  pre- 
27 
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sent  such  facts  as  are  known,  concerning  the  formation  of  the 
chyle,  ^his  chapter,  therefore,  may  be  divided  into  four  sections  : 

1.  The  nature  of  food. 

2.  The  office  of  the  saliva  in  digestion. 

3.  The  office  of  the  gastric  juice,  bile  and  pancreatic  secre- 
tion. 

4.  The  chyle. 

§   1. THE  NATURE  OF  FOOD. 

Food  is  that  which  sustains  one  or  more  functions  of  the  body. 
Every  substance  ingested  will  not  sustain  life,  but  may  never- 
theless, be  valuable  food.  Those  substances  which  are  capable, 
alone,  of  maintaining  existence,  as  bread,  many  seeds,  and  meats, 
are  compound  bodies,  yielding  on  analysis  proteine  and  amyla- 
ceous substances,  or  some  form  of  proteine  and  fat.  A  combina- 
tion of  two  of  these  bodies  appears  absolutely  necessary;  for 
cheese  has  failed  to  sustain  dogs,  and  the  same  is  true  of  fats, 
gelatine  and  sugar.  Besides  proteine,  the  amylum  compounds 
and  fats,  other  substances,  as  vinegar,  gelatine,  alcohol,  and  the 
caffeine  of  tea  and  coffee,  may  be  considered  food ;  for  these  sus- 
tain the  body  in  part  and  are  used  as  aliments. 

The  varieties  of  food  have  different  values,  and  may  be  classi- 
fied according  to  their  relations  to  the  tissues  of  the  body,  or  the 
office  they  sustain.  The  former  may  be  termed  the  chemical,  and 
the  latter  the  physiological  classification. 

THE  CHEMICAL  CLASSIFICATION  OF  ALIMENTS. 

According  to  this  view,  aliments  are  divided  into  eight  classes — 

1.  Jizotized,  Nitrogenized  or  Proteinous  bodies. — This  in- 
cludes those  which  contain  nitrogen,  and  answer  to  the  tests  for 
proteine.  Several  substances,  as  glutine,  yield  nitrogen,  but  do 
not  belong  to  this  class.  Albumen,  as  it  exists  in  seeds  and  ani- 
mal matters,  is  the  chief  principle  of  this  family.  The  kinds  of 
food  in  the  order  of  their  nutritiousness  are — eggs,  meats,  milk, 
cheese,  flour  and  the  grains  of  the  cerealea.  A  smaller  amount 
of  proteine  bodies  is  found  in  roots  and  vegetables,  none  of  which 
are  entirely  destitute  of  these  principles. 

This  class  has  the  highest  value  as  food,  for  the  proteine  serves 
to  repair  the  waste  going  on  in  the  body,  and  recruit  the  blood; 
which  is  nearly  a  solution  of  proteine  bodies. 

2.  The  Amylaceous  Bodies. — Siarch,  gum,  pectin  and  sugar, 
are  pure  specimens  of  this  class.  These  substances  abound  in 
fruits,  potatoes,  beets,  carrots,  other    esculent    roots,   cabbages, 
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and  vegetables  generally.  Corn,  wheat,  barley  and  grains,  con- 
tain about  fifty  per  cent,  of  starch,  but  also  yield  from  10  to  25 
per  cent  of  proteine  bodies,  and  are  therefore  placed  in  the  former 
class.  I  his  kind  of  food  is  incapable  of  sustaining  animal  life 
even  lor  a  few  days,  and  is  but  partially  digested. 

3.  Oleaginous  Bodies.— This  includes  the  fats  and  oils  with 
oxide  of  hpyle  for  a  basis,  and  not  the  essential  oils.  Those  de- 
rived from  the  vegetable  kingdom,  as  olive,  almond,  linseed  and 
bene  oils,  seem  to  be  as  serviceable  as  animal  fats.  This  class 
cannot  sustain  life,  but  they  are  of  the  highest  importance,  espe- 
cially in  cold  climates,  where  they  are  consumed  in  immense 
quantities. 

4.  Acescent  Food. — Vinegar,  and  the  vegetable  acids  which 
occur  in  fruits,  belong  to  this  class.  These  are  all  changed  in 
the  body,  being  converted  into  carbonic  acid,  hence  it  may°be  in- 
ferred that  they  serve  some  purpose,  although  they  cannot  sustain 
life. 

5.  Alcoholic  Food. — The  alcohol  of  wines,  beer,  cider,  and 
spirituous  liquors,  are  changed  in  the  circulation  into  carbonic 
acid  and  water,  and  aid  the  process  of  calorification  when  used 
moderately.  There  is,  however,  a  capital  objection  to  them,  that 
the  amount  consumed  is  often  steadily  increased  until  the  health 
is  impaired,  and  vicious  habits  formed. 

6.  Gelatinous  Food. — Jellies,  and  those  bodies  which  yield 
glutine,  when  boiled,  constitute  this  class.  They  cannot  sustain 
life,  but  they  undoubtedly  perform  some  function  in  the  body. 
Liebig  conceives  that  they  serve  to  repair  the  tissues,  especially 
the  cellular  tissue,  which  consists  of  glutine  chiefly.  They  are 
far  more  useful  to  the  invalid  than  amylaceous  bodies. 

7.  Caffeine. — Tea  and  coffee  undoubtedly  satisfy  the  appetite, 
and  render  the  necessity  for  animal  food  less  than  under  ordinary  cir- 
cumstances. They  do  not,  however,  contain  proteine,  and  cannot 
be  employed  in  the  reparation  of  parts,  but  probably  act  in  dimin- 
ishing the  waste  of  this  body.  They  serve  to  increase  the  urea  of 
the  urine,  a  principle  which  represents  the  waste  of  the  proteine 
components  of  the  body — hence  the  caffeine  appears  to  be  changed 
into  this  substance.  Liebig  also  points  out  an  interesting  relation 
between  theine,  asparagine,  and  theobromine,  and  the  bile,  and 
considers  that  these  bodies  increase  that  secretion. 

8.  Saline  Bodies. — Common  salt,  the  phosphates  of  soda,  potash, 
lime,  and  magnesia,  and  the  sulphate  of  potash  occur  in  the 
body.  Most  of  them  are  introduced  with  meats  and  vegetable  mat- 
ters, but  common  salt  appears  to  be  deficient  in  ordinary  aliments. 
Their  office  is  highly  important  in  the  body,  especially  that  of  the 
phosphates  of  soda  and  lime,  which  are  found  in  every  part. 

Bones  contain  from  40  to  00  per  cent,  of  the  phosphate  of  lime, 
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and  the  disease  called  malacosteon  or  mollities  ossium,  arises  from 
a  deficiency  of  this  body.  Hence,  it  has  been  recommended  to 
introduce  pounded  bone  earth  into  the  food  of  such  persons. 
Phosphate  of  soda  would  probably  answer  better,  for  the  salt  of 
lime  is  insoluble,  and  this  substance  would  be  converted  into 
phosphate  of  lime  within  the  system  if  it  encountered  any  so- 
luble compound  of  lime;  and  as  this  base  occurs  in  water  and 
most  kinds  of  food,  the  change  would  most  probably  take  place. 


THE  PHYSIOLOGICAL  CLASSIFICATION  OF  ALIMENTS. 

From  the  foregoing  classification,  it  will  be  apparent,  that  all 
the  principles  existing  in  food,  are  not  of  equal  service  in  sustain- 
ing the  body.  Those  which  contain  proteine  in  such  a  state,  that 
it  can  be  readily  separated,  have  the  power  of  repairing  the  mus- 
cular and  albuminous  tissues,  and  recruiting  the  blood.  This  pro- 
perty belongs  to  no  other  kind  of  food. 

It  has  already  been  observed,  that  proteine  is  exclusively  the 
product  of  the  vegetable  kingdom,  and  cannot,  therefore,  be  crea- 
ted within  the  bodies  of  animals.  Hence,  food  which  is  capable 
of  sustaining  existence,  must  contain  this  principle.  In  the  same 
way,  other  matters  have  specific  offices  in  the  frame,  and  they  are 
classified  according  to  their  power  to  sustain  one  or  other  of  its 
parts  or  functions.     The  classes  are  as  follows  : 

1.  Proteinous  Principles,  ivhich  serve  to  recruit  the  Blood 
and  Tissues. — To  this  class  belong  meats,  eggs,  milk,  and  pro- 
teine compounds,  wherever  they  exist. 

2.  Gelatinous  Food,  which  serves  to  repair  the  Gelatinous 
Tissues. — Gelatine,  in  the  free  state  derived  from  any  of  its 
forms,  belongs  to  this  class.  MM.  Bernard  and  Barreswil  have 
shown,  that  but  small  quantities  of  gelatine,  are  assimilated  by 
the  blood,  and  that  when  administered  by  the  stomach,  or  injected 
into  the  veins  in  quantity,  it  appears  in  the  urine. 

3.  Respiratory  Food. — Principles  which  are  consumed  in  the 
body,  for  the  production  of  the  temperature  necessary  to  sustain 
its  functions.  These  bodies  are  ultimately  converted  into  car- 
bonic acid  and  water  in  the  body,  but  sometimes  pass  through 
intermediate  changes,  and  some  of  them  are  stored  up  in  the 
body.  To  this  class  belong  the  fatty,  amylaceous,  acescent,  and 
alcoholic  bodies  of  the  previous  classification. 

4.  Principles  ivhich  arrest  Waste  in  the  Body.— To  this  class 
are  referred  caffeine,  asparagine,  and  theobromine,  but  nicotin,  the 
active  principle  of  tobacco,  also  possesses  this  property.  Many 
vegetable  alkaloids,  taken  in  their  natural  combinations  in  plants, 
and  in  very  minute  amounts,  probably  act  in  this  way,  and  owe 
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their  remedial  activity  in  large  doses  to  the  property  of  arresting 
the  natural  changes  of  the  organs  of  the  body. 

Caffeine  and  asparagine,  especially  the  former,  are  closely  re- 
lated in  chemical  composition  with  taurine,  a  compound  of  the 
bile,  and  seem  to  increase  this  secretion  in  health  ;  but,  on  the 
other  hand,  serve  to  impede  it  in  diseased  states  of  the  liver. 
There  is  no  truth  better  established  in  practical  medicine  than 
that  coffee  and  cocoa  are  injurious  in  diseases  of  the  liver  at- 
tended with  a  diminution  of  its  function. 

Morphine  belongs  to  this  list.  Opium  may  become  a  necessary 
portion  of  food  if  taken  for  a  long  time,  and  it  acts  on  the  func- 
tions of  the  brain.  In  minute  quantities  it  excites,  and  in  large 
quantities  is  sedative. 

Now,  in  the  same  way  that  caffeine  is  related  to  the  bile,  so 
morphine,  codeia,  quinine,  strychnine  and  brucia  are  related  to 
the  principal  constituent  of  the  brain  and  nervous  system — cerc- 
bric  acid.  This  is  a  body,  like  the  alkaloids,  derived  from  pro- 
teine,  and  allied  to  the  fats. 

It  is,  therefore,  inferred  by  Liebig,  that  these  substances  may 
act  on  the  brain,  like  caffeine  towards  the  liver.  In  minute 
amounts  in  health,  they  add  to  the  changes  of  the  organ  (brain) 
and  appear  to  increase  its  activity;  but  in  large  doses,  or  in  dis- 
ease, diminish  or  entirely  arrest  its  action. 

But  as  they  are  not  identical  in  composition,  each  possesses  a 
specific  power,  whilst  all  act  on  the  nervous  matter.  Their  effects 
are,  therefore,  not  the  same,  but  related  in  this  respect,  that  they 
either  excite  or  produce  a  sedative  effect. 

We  are  also  inclined  to  attribute  some  portion  of  the  action  of 
opium  to  an  influence  on  the  capillary  circulation,  nor  is  this  ne- 
cessarily a  secondary  result,  flowing  from  the  sedative  properties 
of  morphine  and  some  other  alkaloids,  for  it  is  exerted  when  the 
agent  is  applied  at  a  considerable  distance,  and  where  absorption 
occurs  only  to  a  limited  extent.  Its  use  in  hemorrhages  is  of  this 
kind,  and  its  property  of  diminishing  the  secretions  in  diarrhoea 
and  dysentery. 

§   2.    THE  OFFICE  OF  SALIVA  IN  DIGESTION. 

The  morsel  of  food,  comminuted  by  the  teeth,  is  permeated 
by  saliva  in  the  mouth,  and  passes  into  the  stomach  in  this  state. 
The  morsel  will,  in  most  cases,  consist  of  proteinous,  amylaceous 
and  fatly  matters,  and  the  insalivation  is  a  necessary  and  import- 
ant sta<re  of  their  digestion.  The  more  so,  if  the  food  contains 
an  excess  of  amylum  bodies;  hence  the  herbivora  commonly 
chew  the  cud  leisurely  to  insure  this  admixture.  In  the  car- 
nivora,  it  is  a  subordinate   process  ;  the   flesh  devoured  by  them 
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being  moistened  by  the  salivary  secretion,  but  not  so  completely 
permeated  as  in  the  former  case. 

In  man  insalivation  is  an  important  operation,  for  his  food  con- 
tains a  large  amount  of  amylaceous  bodies.  Indeed,  digestion 
cannot  be  properly  conducted  by  him  without  due  mastication, 
and  much  of  the  dyspepsia  of  our  commercial  cities  arises  from 
the  hurried  manner  in  which  food  is  consumed.  The  absolute 
necessity  of  the  saliva  has  been  occasionally  proved  in  cases  where 
the  secretion  was  diminished,  or  destroyed  from  disease  of  the 
glands.  Professor  Pattison  saw  a  striking  instance  of  this  fact,  in 
the  case  of  a  man  who  had  cut  his  throat,  and  in  whom  the  wound 
remained  open  for  a  long  time.  Nutritious  food  was  administered 
by  the  severed  orifice  of  the  oesophagus,  but  the  man  rapidly 
wasted,  and  was  on  the  eve  of  death  from  emaciation.  "It  was 
observed,  that  whenever  his  meals  were  presented,  an  abundant 
discharge  of  saliva  took  place  and  ran  out  of  his  mouth,  for  he 
had  lost  the  power  of  swallowing.  The  secretion  had  been  for- 
merly thrown  away,  but  in  consequence  of  his  emaciated  condi- 
tion, attention  was  turned  to  it,  and  the  Professor  suggested  that 
it  should  be  collected,  and  introduced  along  with  the  food  into  his 
stomach.  From  this  time  the  man  improved,  and  finally  reco- 
vered his  health.  From  this  striking  case,  it  will  appear  that  the 
saliva  is  essential  to  digestion  in  man  ;  hence  we  are  interested 
in  examining  the  nature  and  effects  of  this  secretion. 

The  Saliva. — Saliva  is  a  clear,  glairy  fluid  containing  corpus- 
cles, having  an  alkaline  reaction  in  health,  and  produced  to  the 
extent  of  about  twelve  ounces  daily  in  man.  Donne  states  that 
it  is  acid  in  gastric  irritation,  and  inflammations  generally.  It  is 
the  product  of  the  parotid  and  other  salivary  glands  about  the 
mouth,  and  is  thrown  out  during  the  process  of  mastication.  Its 
constitution  in  1000  parts  resembles  the  following  : 


Water 

- 

98S.O 

!L-oiiiIs 

- 

1-2.0 

Ftyalin 

. 

1.8  to  2.5 

Fats,    - 

- 

0.5 

Albumen 

- 

1.7 

Mucus 

- 

to  2.5 

Saline  matters 

- 

2.7 

Ply alln  is  the  principal  constituent.  Tin's  has  already  been 
spoken  of  under  the  head  of  fermentation.  From  the  experi- 
ments of  Mialhe,  Bouchardat  and  Leuchs,  there  exists  no  doubt 
that  it  is  diastase.  It  possesses  the  fermenting  powers  of  that 
body,  and  resembles  it  in  its  reactions.  Mialhe  directs  it  to  be 
obtained,  by  adding  alcohol  to  clear  saliva  as  long  as  a  precipi- 
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tate  occurs.     It  is  whitish  gray,  amorphous,  soluble  in  water,  but 
insoluble  in  strong  alcohol,  and  has  the  animal  odor  of  saliva. 

Ptyalin,  or  animal  diastase,  converts  solution  of  starch  into  sugar 
when  it  has  an  alkaline  reaction,  and  otherwise  acts  like  the  ve- 
getable principle.  It  is  an  oxydized  proteine  body,  and  a  true  fer- 
ment. 

The  alkaline  reaction  of  saliva  was  formerly  attributed  to  free 
soda;  but  Enderlin  has  shown  that  it  depends  upon  the  tribasic 
phosphate  of  soda  with  alkaline  reaction  (Na,POe+2NaO) ;  the 
salt  which  is  also  present  in  the  blood,  lymph  and  chyle.  This 
body  is  present  to  the  extent  of  28.0  per  cent,  of  the  ash,  and  gives 
to  the  ptyalin  its  characteristic  action. 

The  principal  portion  of  the  saline  matters  consists  of  common 
salt  (chloride  of  sodium),  and  phosphates  of  lime,  magnesia  and 
iron  ;  but  it  also  contains  a  small  quantity  of  the  sulpho cyanide  of 
poiassium.  This  salt  may  be  detected  by  a  persalt  of  iron, 
added  to  a  solution  made  by  acting  on  dry  saliva  by  alcohol.  Dr. 
Wright  states,  that  it  is  present  to  the  extent  of  from  0.51  to  0.98 
of  the  secretion,  and  is  increased  by  the  use  of  cyanides,  and  re- 
markably so  by  the  internal  administration  of  sulphur. 

Action  of  the  Saliva. — The  presence  of  an  active  ferment, 
aided  by  the  alkaline  phosphate,  constitutes  this  secretion  an  active 
agent  in  the  digestion  of  amylum  bodies.  It  possesses  the  power 
of  converting  starch  into  sugar,  into  oily  matters  like  the  butyric 
acid,  and  also  acts  as  a  lactic  acid  ferment.  In  mastication,  every 
particle  of  food  is  enveloped  in  this  mixture,  and  change  soon 
takes  place  at  the  temperature  of  the  body. 

In  addition  to  the  foregoing,  saliva  possesses  the  property  of 
absorbing  a  large  amount  of  oxygen  from  the  air  included  in  the 
mouth.  Dr.  Wright  found,  that  by  warming  it,  as  much  as  2| 
times  its  volume  of  oxygen  was  sometimes  evolved  ;  at  others,  the 
quantity  was  less,  but  never  below  one-half  the  volume.  In  this 
way,  all  the  oxygen  would  not  be  separated;  hence,  we  may  con- 
clude that  saliva,  during  mastication,  absorbs  a  large  amount  of 
oxygen,  which  does  not  directly  enter  into  combination  with  the 
principles  of  this  secretion,  but  is  merely  dissolved. 

Hence,  the  saliva  enveloping  the  particles  of  food,  acts  upon 
them  as  a  ferment,  producing  from  the  amylum  bodies  the  products 
indicated,  all  of  which  are  among  the  results  of  digestion.  This 
action  begins  in  the  mouth,  and  is  continued  in  the  stomach,  so  long 
as  the  saliva  has  an  alkaline  reaction;  and  we  shall  presently  show 
that  it  occurs  again  in  the  small  intestines,  under  the  influence 
of  the  pancreatic  juice,  which  is  identical  with  the  saliva.  But 
the  conveyance  of  free  oxygen  into  the  stomach,  is  an  equally  im- 
portant office  of  the  saliva,  for  upon  this,  the  production  of  the 
gastric  juice  measurably  depends. 
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§  3.    THE    OFFICE    OF    THE    GASTRIC    JUICE,  BILE    AND   PANCREATIC 
SECRETION. 

The  Gastric  Juice  is  a  yellowish,  clear,  acid  fluid,  thrownout 
from  the  villous  coat  of  the  stomach,  by  the  stimulus  of  food.  With- 
out the  presence  of  a  stimulant,  the  villous  membrane  is  pallid, 
and  bathed  with  an  alkaline  mucus  similar  to  that  of  ordinary 
mucous  membranes.  But  a  morsel  of  food  excites  it,  the  vessels 
become  distended  with  blood  and  pour  out  a  peculiar  acid  liquid 
— the  true  gastric  juice. 

If  the  stimulus  be  excessive,  and  the  result  of  alkaline  or  active 
medicines,  gastric  juice  is  not  formed,  but  a  considerable  dis- 
charge of  mucus  takes  place,  and  vomiting  occurs.  For  these 
facts  we  are  indebted  to  MM.  Blondot  and  Bernard. 

The  presence  of  food  is  not  the  only  condition  for  the  produc- 
tion of  true  gastric  juice;  but  it  has  not  yet  been  proved  that  the 
secretion  thrown  out,  when  indigestible  and  inert  solids  have  been 
introduced  into  the  stomach,  is  this  body.  On  the  contrary,  the 
fluid  so  obtained  is  often  alkaline;  and  in  the  case  already  cited 
from  Prof.  Pattison,  digestion  did  not  take  place  even  when  or- 
dinary food  was  introduced  into  the  stomach,  because  the  saliva 
was  withheld.  These,  and  analogous  facts,  point  out  a  connec- 
tion between  the  saliva,  moistening  the  bole  of  food,  and  the  pro- 
duction of  the  true  gastric  secretion. 

Liebig  has,  on  insufficient  data,  assumed,  that  the  oxygen  dis- 
solved in  saliva  is  the  immediate  cause  of  the  secretion  :  that  it  ox- 
ydizes  the  mucus,  or  some  other  proteine  body  of  the  coats  of  the 
stomach,  and  this  gives  rise  to  the  active  ferment  (pepsin)  of  the 
gastric  fluid.  Subsequent  researches  render  this  view  extremely 
probable;  for  pepsin  is  found  only  in  the  true  secretion,  and  is 
like  ptyalin,  an  oxydized  proteine  body. 

But  the  acid  reaction  of  this  fluid  is  no  less  characteristic,  and 
this  cannot  be  supposed  to  depend  upon  the  action  of  the  salival 
oxygen.  Indeed,  Sandras  and  Bouchardat  have  shown  that  the 
secretion  is  connected  with  the  action  of  the  eight  pair  of  nerves; 
for  on  dividing  them,  the  digestion  of  proteine  bodies  which  de- 
pends on  the  acid,  is  stopped,  but  the  digestion  of  amylaceous 
bodies  goes  forward.  Matteucci  has  also  shown  that  there  exists 
a  nervous  (electrical)  current  between  the  stomach  and  liver,  the 
action  of  which  is,  to  give  the  villous  coat  of  the  former  an  acid 
reaction. 

These  facts  lead  us  to  the  conclusion,  that  the  oxyoen  of  the 
saliva  acting  chemically  on  the  proteine  bodies  of  the  villous  coat 
of  thestomach,  generate  pepsin  ;  and  that  in  virtue  of  this  chemical 
action,  a  nervous  (electrical)  current  is  set  up,  which  flows  along 
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the  pneumogastric  nerve,  and  determines  the  decomposition  of 
the  phosphate  of  soda,  the  acid  of  which  is  destined  to  the  stomach, 
and  the  alkali  to  the  mucous  tissue  of  the  liver. 

Composition  of  the  Gastric  Juice. — According  to  Gmelin,  1000 
parts  of  the  gastric  juice  of  a  horse  contain  : 

Water,         -         -         .         984.00 
Solids,  -         -         -  16.00 


Organic  bodies,    -         -  10.52 

Saline  substances         -  5.01 

This  is  a  very  unsatisfactory  account  of  gastric  juice,  hut  more 
is  known  of  the  action  of  its  constituents.  The  principal  body 
in  the  organic  portion  is  a  ferment  called  pepsin  ;  this  has  been 
insulated  by  Wassman,  and  subsequently  by  Vogel.  It  is  soluble 
in  water,  but  insoluble  in  alcohol  and  ether;  it  is  precipitated  by 
dilute  acids,  but  redissolved  in  an  excess.  In  the  dry  state  it  is 
a  light  brownish  solid.  It  loses  its  activity  by  a  heat  of  104°  F., 
and  also  by  precipitation,  by  strong  alcohol,  strong  acids,  tannic 
acid,  chlorine,  acetate  of  lead,  and  metallic  salts  generally.  Its 
amount  in  gastric  juice  is  about  T2oths  per  cent. 

Pepsin  may  be  obtained  from  the  villous  coat  of  the  hog  recently 
killed,  by  repeated  maceration  with  water  for  several  days.  It 
dissolves  in  the  liquid,  with  mucus,  albumen  and  other  bodies ; 
from  these  it  is  separated,  by  first  adding  acetate  of  lead  to  the 
solution,  and  subsequently  passing  a  stream  of  sulphuretted  hy- 
drogen through  the  lead  precipitate.  The  pepsin  is  found  in  the 
resulting  solution,  and  may  be  obtained  by  evaporating  it  to  the 
consistence  of  a  syrup  at  a  temperature  not  exceeding  95°  F.,  and 
then  adding  absolute  alcohol.  A  white  precipitate  of  slightly  im- 
pure pepsin  is  produced. 

It  is  a  true  ferment,  and  very  similar  to  diastase.  A  solution  of 
it,  containing  one  part  in  upwards  of  twenty  thousand  of  water, 
and  slightly  acidulated  by  the  hydrochloric  or  other  acids,  dis- 
solves coagulated  albumen  in  about  six  hours.  But  it  has  not 
this  property,  when  neutral  or  alkaline  ;  but  on  the  reverse,  the 
same  action  on  starchy  bodies  as  diastase  or  ptyalin. 

Artificial  digestion  may  also  be  accomplished  by  a  mixture 
made  by  digesting  any  portion  of  mucous  membrane,  as  a  piece 
of  bladder,  In  water  exposed  to  air,  and  acidulating  the  solution. 
From  this  experiment  we  infer  that  pepsin  is  a  mere  oxide  of 
proteine,  and  not  a  peculiar  product. 

The  foregoing  process  of  artificial  digestion  does  not  merely 
serve  to  show  that  fibrine,  &c,  can  be  dissolved  out  of  the  sto- 
mach, and  that  digestion  is  not,  therefore,  a  vital  process;  but  M 
M.  Bernard  and  Barreswil  have  shown,  that  the  bodies  so  acted 
on'  being  injected  into  the  blood,  are  assimilated  by  that  fluid 
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and  serve  to  sustain  life.  They  state  that  the  assimilation  is  as 
perfect  as  that  of  chyle. 

In  healthy  gastric  juice,  this  ferment  is  associated  with  an  acid, 
and  has  the  property  of  dissolving  coagulated  albumen,  fibrine, 
and  casein,  as  well  as  some  of  their  compounds.  Flesh  dis- 
solves in  from  two  to  three  hours  under  its  influence.  The  nature 
of  this  acid  has  been  a  matter  of  dispute,  but  it  is  now  decided  by 
the  experiments  of  Blondot,*  and  Bernard  and  Barreswil.t  that 
the  acid  reaction  depends  upon  the  presence  of  the  acid  phos- 
phate of  soda,  or  lime,  and  free  lactic  acid.  Neither  free  hydro- 
chloric nor  acetic  acids  exist  in  the  stomach. 

The  cause  of  the  acid  reaction  is  twofold.  Firstly,  the  gal- 
vanic action,  arising  from  the  influence  of  the  salival  oxygen  on 
the  coats  of  the  stomach.  Secondly,  the  lactic  acid  is  a  product 
of  the  changes  occurring  on  amylaceous  bodies,  by  the  ferment 
(ptyalin)  of  the  saliva;  this  also  serves  to  develop  the  acid  phos- 
phate. 

Action  of  the  Gastric  Juice. — The  gastric  juice,  whilst  alka- 
line or  neutral,  aids  the  saliva  in  the  digestion  of  amylaceous 
bodies,  converting  them  into  glucose,  lactic  acid,  and  oily  bodies. 
When  acid,  it  digests  the  proteine  bodies,  rendering  them  soluble. 
This  action  goes  on  in  the  stomach,  along  with  the  digestion  of 
amylaceous  bodies,  for  the  morsel  of  food  being  first  permeated 
with  saliva,  is  subjected  to  its  action,  and  only  yields  to  the  acid 
gastric  juice,  after  the  alkaline  reaction  of  the  saliva  has  been 
overcome. 

Experiments  made  by  Muller,  Schwann,  Tiedemann,  Gmelin, 
Fremy,  and  Simon,  show  that  fibrine  is  dissolved  and  converted 
into  a  body  resembling  albumen  in  the  stomach,  and  by  artificial 
digestion ;  that  gelatine  is  dissolved  and  loses  its  power  of  gela- 
tinizing; that  sugar  of  milk  becomes  converted  into  lactic  acid, 
and  that  starch  is  changed  into  glucose.  Butyric  acid  has  also 
been  detected  in  the  stomach  of  the  horse,  and  exists  in  the  fasces 
of  man. 

The  Bile  and  Pancreatic  Juice. — The  partially  digested  mat- 
ters which  are  driven  out  of  the  stomach,  come  in  contact  with 
bile  and  the  pancreatic  juice,  as  they  enter  the  duodenum,  both 
these  fluids  having  an  alkaline  reaction,  and  neutralize  the  lactic 
and  phosphoric  acids  of  the  gastric  juice,  and  thus  change  the 
character  of  the  digestion. 

Of  the  bile,  it  is  not  necessary  in  this  place  to  say  more,  than 
that  it  consists  mainly  of  an  oily  acid  (cfioleic)  in  combination  with 
soda.    The  pancreatic  juice  appears  to  be  identical  with  the  saliva, 

*  Traite  analytique  de  la  Digestion,  Paris,  1843. 
f  Journal  de  Pharmacie,  January  1S45. 
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and  has  the  same  active  principle,  ptyalin,  in  connection  with  the 
alkaline  phosphate  of  soda.  It  possesses  the  ferment  action  of 
saliva.  Hence  the  instant  the  acids  of  the  gastric  juice  are 
neutralized,  the  digestion  of  amylaceous  and  fatty  bodies  recom- 
mence, and  it  is  in  the  lesser  intestines  that  this  chiefly  takes 
place. 

M.  Blondot  is  of  opinion,  from  his  experiments,  that  bile  exerts 
no  influence  on  digestion,  and  so  far  as  neutralizing  the  acid  of 
the  gastric  juice  is  concerned,  the  pancreatic  secretion  may  be 
sufficient.  He  states  that  its  action  is  more  apparent  on  the  mus- 
cular portion  of  the  intestines,  than  in  the  function  of  nutrition. 
This  view  is  opposed  to  that  of  Professor  Schwann  and  others. 

I  had  an  opportunity,  some  years  since,  of  observing  a  very  inter- 
esting case  in  a  man,  in  whom  the  ductus  communis  choledochus 
had  been  obliterated  eight  months  before  death.  He  enjoyed  some 
amount  of  health,  was  fat,  but  costive  during  the  greater  part  of 
this  period,  and  died  of  a  dropsical  affection.  The  liver  was  much 
reduced  in  volume,  hard,  and  of  a  slate  color.  From  this  case  it 
would  appear,  that  digestion  is  not  materially  assisted  by  the  ac- 
tion of  the  bile,  but  that  it  serves  as  a  healthy  stimulant  to  the 
bowels.  The  urine  and  perspiration  in  this  individual,  were  of  a 
dark  yellow  brown  color,  and  served  to  separate,  in  a  vicarious 
manner,  the  biliary  matters  from  the  blood. 

§   4.    THE  CHYLE. 

The  purpose  of  digestion  is  to  produce  a  milky  fluid,  called  the 
chyle,  which  is  absorbed  by  the  lacteals  of  the  intestines,  and  be- 
ing conveyed  through  the  mesenteric  glands,  reaches  the  recepta- 
culum  chyli  and  thoracic  duct  to  recruit  the  venous  blood. 

Absorption  from  the  matters  introduced  into  the  stomach,  com- 
mences by  the  action  of  the  veins  of  that  organ.  These  take  up 
water,  alcohol,  a  small  amount  of  glucose,*  and  dextrine,  albumi- 
nous matters,  some  quantity  of  oils  and  fats,  and  other  bodies 
which  enter  the  stomach  in  a  state  fit  for  assimilation.  But  the 
greater  portion  of  the  alimentary  matters  pass  out  of  the  stomach 
in  a  pulpy  state,  called  the  chyme. 

The  chyme  contains  proteine   bodies,  fatty  substances  more  or 

*  Majendie  has  made  a  series  of  important  experiments  on  this  subject,  to 
be  found  in  the  Comptes  Reridw,  July  27th,  1846.  He  proves  that  glucose 
and  dextrine  are  found  in  blood  shortly  after  meals,  in  healthy  dogs,  horses, 
and  pigeons.  If  a  solution  of  dextrine  be  injected  into  the  veins  of  a  dog,  it 
becomes  transformed  in  the  circulation,  and  does  not  pass  out  by  the  kidneys, 
but  cane  su^ar  is  excreted.  According  to  this  chemist,  the  blood  and  animal 
fluids  generally  have  the  property  of  changing  starch  into  dextrine  and  glu- 
cose. 
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less  dissolved,  dextrine,  with  undigested  bodies,  such  as  the  husks 
of  fruit,  ligneous  bodies,  gelatine,  &c,  and  has,  when  voided  from 
the  stomach,  an  acid  reaction.  Further  digestion  takes  place  in 
the  course  of  the  lesser  intestines,  and  principally  of  fatty  and 
amylaceous  substances.  Thus  the  chyme  becomes  gradually- 
separated  into  a  milky  fluid  called  chyle,  which  is  absorbed  by 
the  lacteals,  and  an  insoluble  matter,  of  a  reddish  color,  which  is 
excrementitious.  The  latter  undergoes  some  changes,  but  little 
understood,  in  the  ccecum. 

In  producing  the  chyle,  it  is  thought  that  the  biliary  secretion 
acts  an  important  part.  It  undoubtedly  neutralizes  acids,  and  de- 
termines the  saponification  of  fats;  and  further  it  is  understood, 
that  a  portion  of  the  bile  enters  into  the  composition  of  chyle,  and 
is  re-absorbed.  The  coloring  matter  is  effete  and  stains  the  faeces, 
but  the  choleic  acid  has  not  been  detected  in  the  undigested  mat- 
ters of  the  larger  intestines.  This  being  a  fat,  is  probably  thrown 
into  the  system  again  after  undergoing  assimilation. 

The  Chyle. — This  milky,  alkaline  fluid,  destined  to  restore  the 
waste  of  the  body,  finds  entrance  from  the  lesser  intestines  into 
the  lacteals  of  the  mesentery,  by  capillary  action.  In  some  cases 
this  fluid  is  pinkish,  even  in  the  first  portions  of  the  lacteals,  but 
in  the  thoracic  duct  it  is  usually  colored,  and  sometimes  red. 
When  there  is  much  fat  in  the  food,  it  is  creamy  and  even  yel- 
lowish. In  the  passage  of  this  fluid  through  the  mesenteric 
glands,  it  is  supposed  to  acquire  the  greater  portion  of  its  fibrine 
from  metamorphic  changes  impressed  on  its  albumen  and  other 
proteine  bodies,  and  it  is  said  by  Emmert,  that  the  chyle  of  the 
lacteals,  before  it  passes  the  glands,  does  not  coagulate. 

Chyle  has  never  been  analyzed  from  the  lacteals,  but  that  from 
the  thoracic  duct  has  been,  both  from  the  horse  and  dog.  Here  it 
is  mixed  with  lymph,  and  is  therefore  impure,  but  there  seems  to 
be  little  difference  between  these  fluids. 

The  thoracic  fluid  is  opalescent,  milky  or  red,  according  to  cir- 
cumstances; it  abounds  in  globules,  is  alkaline,  and  spontaneously 
coagulable.  The  clot  is  soft,  white  or  reddish,  the  serum  is  opal- 
escent usually,  and  contains  four  kinds  of  globules — fat  globules 
which  are  very  numerous,  especially  after  the  ingestion  of  much 
fat;  lymph  globules  which  are  round,  colorless,  and  about  three- 
fourths  the  size  of  blood  globules;  chyle  globules,  which  are 
grayish  or  colorless,  round,  granular,  and  from  one  and  a  half  to 
twice  the  size  of  blood  globules ;  these  are  always  found  in  the 
blood;  and  lastly,  there  often  exist  blood  globules. 

The  following  analyses,  by  M.  Simon,  of  two  specimens  of 
thoracic  fluid  from  a  horse,  will  enable  the  student  to  perceive 
the  affinity  between  this  fluid  and   blood.     The  fat  and  saline 
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matters  are  in  excess,  and  the  fibrine,  coloring  matter,  and  albu- 
men deficient  as  compared  with  blood. 


Milky  chyle. 

Blood-red  chyle. 

928.01  )(i 

916.000 

72.000 

84.000 

0.805 

0.900 

46.430 

60.530 

10.610 

3.480 

traces 

5  691 

5.320 

5.265 

Water  --.... 

Solid  constituents  .... 

Fibrine  - 

Albumen  with  lymph  and  chyle  globules 

Fats  

ILemato-globulin  .... 

Extractive  matters        .... 
Saline   matters,  including  phosphates,   sulphates,)     B  ,nn  >- ««<-» 

lactates  and  chlorides  -  -  -  3 

It  will  appear  from  these  analyses  that  the  composition  of  chyle 
is  subject  to  great  variation.  In  the  examinations  of  Tiedemann 
and  Gmelin,  the  amount  of  fat  fluctuated  between  traces  and  16 
in  1000  parts,  and  Dr.  Rees  gives  36  parts  in  the  chyle  of  an  ass. 

Tiedemann  and  Gmelin  have  also  made  experiments  with  dogs 
to  determine  the  influence  of  diet  on  this  fluid  and  report  as 
follows:  Cheese  reduced  the  coagulum;  a  starch  diet  yielded  a 
pale  yellowish  white  chyle;  a  mixed  diet  of  bread,  flesh  and  milk 
yielded  a  reddish  firm  coagulum  with  milky  serum;  milk  alone 
also  yielded  a  pink  coagulum  and  white  serum. 

"LYMPH. 

Lymph  resembles  chyle  in  several  particulars  and  answers 
the  same  purpose  of  recruiting  the  blood.  But  it  is  not  derived 
from  food  introduced  into  the  stomach,  but  from  the  excess  of 
nutriment  furnished  to  different  parts  of  the  system.  It  circu- 
lates in  a  separate  apparatus  of  delicate  vessels,  furnished  with 
valves,  and  called  the  lymphatics  or  absorbents,  which,  running 
near  the  veins  are  found  in  all  parts  of  the  bodies.  They  are 
often  convoluted  into  glandular  masses  called  the  lymphatic 
glands,  and  finally  terminate  in  the  thoracic  duct. 

Lymph,  for  the  purpose  of  examination,  is  usually  obtained 
from  the  thoracic  duct  of  an  animal  that  has  been  fasting  for 
several  days.  It  differs  in  appearance,  being  clear,  pink,  yellow- 
ish, or  opalescent,  according  to  circumstances,  is  readily  coagulable, 
and  becomes  of  a  deeper  red  by  this  change.  It  is  alkaline,  contains 
lymph  corpuscles,  which  are  colorless,  and  about  |ths  of  the  size 
of  blood  corpuscles,  and  nearly  resembles  the  serum  of  blood. 
The  following  analysis  by  L'Heretier  of  lymph  taken  from  a 
man  who  had  fasted  for  thirty  hours  before  death,  presents  the 
characters  of  this  fluid. 
28 
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Water 924.36 

Solid  constituents  -         -         -  75.04 


Fibrine 3.20 

Albumen                 60.02 

Fat                   5.10 

Saline  matters         -         -         -         -         -  8.25 

But  in  other  examinations  the  fat  and  albumen  have  been 
found  in  less  quantities.  This  corresponds  to  a  serum  rich  in 
fat  and  saline  matters  but  poor  in  albumen.  A  result  we  should 
have  expected,  since  the  albumen  of  blood  is  its  plastic  compo- 
nent, which  is  employed  in  the  reparation  of  parts. 

The  importance  of  the  lymphatic  system  is  usually  overlooked. 
It  constitutes  a  considerable  portion  of  the  tubular  tissue  of  the 
body  and  contains  a  large  amount  of  fluid.  In  cases  of  sickness, 
and  starvation,  this  alkaline  fluid  exerts  an  active  operation  on 
the  tissues,  breaking  them  down  and  removing  their  contents, 
especially  fatty  matters.  In  health  by  its  influence  the  supply 
of  nutriment  from  the  blood  is  regulated,  and  any  excess  removed 
and  returned  to  the  blood. 


THE  BLOOD. 

The  blood  is  the  nutritious  fluid  wherefrom  all  the  parts  of 
the  body  are  to  be  supplied.  The  amount  in  a  man  is  said  to 
average  some  thirty  pounds.  It  consists  of  the  chyle  and  lymph 
after  they  have  been  prepared  by  the  action  of  the  lymphatic 
and  mesenteric  glands.  This  preparation  is  not  understood,  but 
one  of  its  results  seems  to  be  the  change  of  albumen  into  fibrine, 
for  this  important  body  is  said  not  to  exist  in  the  lacteals  before 
their  passage  into  the  glands. 

But  blood  differs  from  the  fluid  of  the  thoracic  duct,  and  this 
is  attributed  to  three  causes.  1st.  That  changes  of  metamorphosis 
occur  in  the  blood  itself;  or  that  there  is  a  sanguineous  assimila- 
tion; for  several  of  its  constituents  do  not  exist  in  chyle  or  lymph. 
2d.  Respiration  by  impregnating  it  with  oxygen  is  a  capital 
cause  of"  change.  3d.  The  spleen,  liver,  kidneys  and  other 
organs  by  separating  effete  matters,  or  re-grouping  some  of  its 
constituents,  serve  to  assimilate  its  parts.  The  study  of  these 
changes,  so  far  as  they  are  known,  involves  the  metamorphoses 
of  the  blood  or  its  chemical  history ;  the  function  of  respiration 
and  its  consequences,  calorification  and  nutrition ;  and  lastly, 
secretion.  Hence,  for  the  consideration  of  the  blood  it  will  be 
necessary  to  divide  the  subject  into  three  sections  : 

1.   The  chemical  history  of  the  blood. 
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2.  Respiration,  calorification,  and  nutrition. 
'3.   Secretion. 


§    1. THE  CHEMICAL  HISTORY  OF  THE  BLOOD. 

The  blood  is  a  somewhat  thick,  sizy  fluid,  of  a  deep  red  color 
and  alkaline  reaction.  The  reaction  is  due  to  the  presence  of  the 
phosphate  of  soda,  Na,P06+2NaO.  Its  specific  gravity  is  from 
1042  to  105S,  arterial  blood  being  slightly  the  heavier;  but  this 
amount  of  difference  depends  upon  the  fluctuating  quantity  of 
water  present  in  this  fluid.  The  temperature  is  from  100°  to 
104°  F. :  arterial  blood  being  the  warmer ;  under  some  circum- 
stances, to  the  extent  of  two  or  more  degrees.  In  the  body,  blood 
may  be  considered  a  kind  of  emulsion,  its  parts  being  of  different 
gravities,  and  the  globules  insoluble  and  suspended  in  the  fluid. 
The  globules,  or  corpuscles  of  the  blood,  are  not  of  one  size  and 
color,  but  differ.  There  are  sometimes  found  four  kinds — true 
blood  corpuscles,  lymph,  chyle  and  oil  globules.  The  blood  cor- 
puscles are  elliptical,  flattened,  colored,  and  about  the  ^W  of  an 
inch  in  size;  they  are  in  great  abundance,  and  are  distinguished 
by  their  color.  The  lymph  globules  are  colorless,  round,  of  less 
size  and  delicately  granular;  they  are  found  scattered  through 
the  fluid.  The  chyle  globules  have  been  described.  Oil  globules 
exist  in  the  serum,  and  sometimes  give  it  a  milky  color;  they  are 
spherical,  and  have  a  dark  and  well  defined  circular  margin. 

The  blood  globules  differ,  to  a  considerable  extent,  in  animals, 
being  least  in  the  ruminantia,  -§-£-$-$  inch,  and  larger  in  the  carni- 
vore' 40V0  inch- 
In  birds,  fishes  and  reptiles,  they  are  remarkably  elliptical. 
The  genesis  of  these  bodies  is  scarcely  understood;  but,  accord- 
ing to  Barry,  they  are  propagated  by  fissiparous  generation.  It 
would  appear  that  they  are  also  formed  from  changes  imparted 
to  the  chyle  and  lymph  globules ;  for  it  has  been  remarked,  that 
milk  globules  injected  into  the  blood,  gradually  disappear.  Schultz, 
Henle  and  Simon,  regard  the  lymphatic  glands  as  concerned  in  the 
preparation  of  the  globules;  and  that  the  lymph  globules,  by  ac- 
quiring an  envelope  of  coloring  matter  and  a  new  cell  wall,  become 
red  corpuscles.  It  would  also  appear,  that  these  bodies  pass 
through  a  series  of  changes,  and  originate  in  small  white  granular 
objects,  which  acquire  color,  and  finally  become  of  a  brown  tint 
and  are  lost  to  the  circulation. 

The  cause  of  the  color  of  the  blood  globules,  and  their  composi- 
tion, have  been  referred  to,  in  the  article  on  Haematin.  The  figure 
of  the  globules  is  influenced  by  water  and  saline  solutions:  the 
former  distending  them,  and  causing  a  rupture  of  their  walls,  whilst 
the  latter  contract  them. 
The  coagulation  of  blood,  which  takes  place  a  few  minutes  after 
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it  has  been  drawn,  results  from  the  spontaneous  coagulation  of  its 
fibrine.  This  constituent  being  dispersed  through  the  blood, 
forms,  by  its  solidification,  a  delicate  network,  which  entangles  the 
globules  and  fluid,  reducing  the  whole  to  a  gelatinous  mass. 
But  after  a  time  it  subsides,  carrying  with  it  the  globules,  and 
leaving  the  upper  portions  a  clear  fluid.  The  solid  is  called  the 
crassamentum  or  clot  of  the  blood,  and  the  upper  yellowish  fluid, 
the  serum  or  liquor  sanguinis.  The  term  plasma  or  b!astema,is 
used  to  designate  the  natural  fluid  of  the  blood,  in  which  its  cell- 
ules float,  and  is  not  to  be  confounded  with  the  serum,  for  it  con- 
tains fibrine  and  is  susceptible  of  organization. 

The  composition  of  the  blood  in  health  is  nearly  uniform  in 
the  same  animal,  as  respects  its  components,  but  their  proportions 
are  slightly  variable.  A  hearty  draught  of  water  swells  the 
amount  of  fluid  in  the  blood,  and  on  the  other  hand,  prolonged  ab- 
stinence from  water  diminishes  its  proportion.  The  sensation  of 
thirst  may  be  referred  to  the  want  of  fluid  in  the  blood ;  for,  as  it 
always  contains  saline  matters,  these  exert  an  attraction  for  water  ; 
and  if  not  satisfied  by  that  existing  in  the  blood,  withdraw  it  from 
the  tissues,  and  thus  produce  an  effect  which  reaches  the  nervous 
system  and  awakens  thirst. 

In  consequence  of  this  difference  in  the  proportions  of  its  solid 
and  fluid  contents,  chemical  physiologists  have  sought  for  a  normal 
or  standard  composition,  which  shall  represent  the  blood  in  health, 
irrespective  of  trivial  disturbing  causes.  The  normal  of  Simon  is 
as  follows,  in  1000  parts : 

Water 70S.  556 

Solid  constituents         ...         201-3-1  I 


Fibrine 2.208 

Fat               2.713 

Albumen              ....  77.910 

Globulin 100.890 

Haematin  and  Hsemaphein            -  5.227 

Extractive  matters  and  salts         -  9.950 

Or,  in  general  terms,  healthy  blood  may  be  represented  as  con- 
taining 20  per  cent,  of  solids  :  of  which  there  are  0.2  of  fibrine, 
a  similar  amount  of  fat,  and  more  globules  than  albumen. 

Analysis  also  puts  us  in  possession  of  the  principal  differences 
between  arterial,  venous  and  portal  blood.  Venous  blood  differs 
most  remarkably  from  arterial  blood,  in  containing  more  fatty  and 
coloring  matter,  and  a  greater  amount  of  extractive  matter,  which 
is  azotized,but  not  yet  thoroughly  analyzed.  Portal  blood  differs 
considerably  from  both  arterial  and  venous  blood  ;  and  probably  from 
the  fact  that  the  branches  of  the  portal  veins  act  as  absorbents  from 
the  stomach  and  intestines.   It  contains  more  than  twice  the  amount 
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of  fat  of  arterial  blood,  is  much  richer  in  haematin  and  heemaphein, 
sometimes  it  contains  more  albumen,  and  appears,  as  a  general  rule, 
to  contain  less  fibrine.  It  does  not  coagulate  as  readily  as  other 
blood,  and  is  much  blacker. 

All  the  constituents  of  the  blood  except  the  fats,  saline  matters 
and  water,  are  proteine  bodies,  so  that  it  may  be  regarded  a  solu- 
tion of  them.  Liebig  has,  from  the  analysis  of  dried  blood,  reached 
this  conclusion,  for  he  finds  that  the  formula  C4SH39N60„  expresses 
dried  blood  and  also  a  piece  of  flesh  with  its  several  parts  of 
nerves,  tissues,  &c. 

Peculiar  Components  of  Blood. — There  exist  in  the  blood 
several  peculiar  bodies  which  do  not  appear  to  be  derived  from 
the  chyle,  and  are  hence  supposed  to  originate  in  this  fluid. 
To  this  catalogue,  belong  the  globulin,  which  forms  the  nucleus 
of  the  blood  globules,  haematin  and  several  peculiar  fats,  as 
cholesterine,  serolin  and  a  phosphorized  fat.  Its  albumen  also 
diners  from  that  of  eggs  and  plants,  and  is  remarkable  for  the 
amount  of  phosphorus  it  contains. 

Globulin  contains  no  phosphorus,  and  is  allied  to  caseine; 
hence,  if  it  be  derived  from  albumen  the  phosphorus  must 
become  attached  to  another  constituent  of  the  fluid  ;  thus  may 
arise  the  phosphorized  fat.  Fibrine  also  contains  less  phospho- 
rus than  the  albumen  of  blood,  hence  another  phosphorized 
product  may  result  from  this  metamorphosis. 

The  hasmatin  of  blood  may  exist  in  the  colorless  state  in  the 
chyle  and  lymph  globules,  and  acquire  a  red  color  by  the  action  of 
oxygen  in  the  lungs  ;  or  as  in  plants,  this  coloring  matter  may  be 
the  product  of  a  change  impressed  on  a  proteine  body. 

There  seems  to  be  no  doubt  in  the  minds  of  physiological 
chemists  that  the  blood  globules,  like  every  other  organized  tissue 
of  the  body,  pass  through  changes  of  development,  and  finally 
become  extinct.  It  has  already  been  remarked  that  their  first 
production  is  traced  to  the  lymphatic  glands,  but  the  blood  is  the 
scene  of  their  further  changes.  Here  they  acquire  color,  increase 
in  size  and  finally  become  effete,  adding  to  the  amount  of  extract- 
ive matters  and  yielding  the  yellow  coloring  matter  {hsemaphein,) 
of  serum,  bile  and  urine.  But  so  long  as  the  extractive  mat- 
ters are  little  understood,  no  clear  history  of  the  metamorphoses 
of  the  blood  can  be  given. 

The  changes  effected  by  oxygen,  in  respiration,  on  the  fibrine 
and  other  constituents  of  the  blood,  belong  to  the  following  sec- 
tion. To  the  topic  of  nutrition  belongs  the  introduction  of  sub- 
stances from  without,  as  urea,  saline  matters,  &c,  by  which  the 
composition  of  the  blood  is  being  continually  changed,  but  only  in 
a  triflin"-  degree  during  health.  That  changes  are  often  impressed 
upon  these  substances  by  the  blood  is  also  highly  probable,  for  if 
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we  inject  milk,  glucose  or  other  bodies  into  the  veins  they  become 
gradually  assimilated;  whereas  other  substances,  as  cane  sugar 
and  gelatin,  are  said  not  to  be  affected.  Majendie  has  also  found 
that  fresh  blood  possesses  a  catalytic  action  on  numerous  bodies, 
and  that  it  is  capable  of  converting  a  solution  of  starch  into  glu- 
cose, and  finally  causing  the  complete  disappearance  of  the  sugar. 

The  Blood  in  Disease. — The  appearance,  coagulability  and 
composition  of  the  blood  is  much  altered  in  disease.  Whether 
these  differences  result  from  the  affections,  or  are  consequences  of 
them,  is  not  understood  ;  but  it  is  probable  that  some  are  effects 
and  others  causes  of  disease. 

There  are,  besides  alterations  in  the  proportions  of  its  ordinary 
constituents,  several  bodies,  as  urea,  glucose,  bile,  which  may  exist 
in  it  as  impurities. 

A  classification  of  diseases  has  been  proposed  based  on  nume- 
rous analyses  of  this  fluid  in  disease  by  Andral  and  Gavarret, 
Becquerel  and  Rodier,  Simon,  Scherer,  Heller  and  others.  The 
principal  of  the  classes,  with  the  alterations  of  the  blood,  are  as 
follows  : 

Hyperinosis. — Diseases  in  which  the  fibrine  is  in  excess.  Its 
proportion  in  some  of  these  cases  rises  to  5,  6  and  even  9  parts 
in  the  1000.  The  amount  of  corpuscles  is  also  diminished. 
There  is  usually  a  considerable  buffy  coat  in  the  blood  after 
standing. 

To  this  class  belong  the  phlogoses,  or  sthenic  inflammatory 
diseases,  and  especially  those  of  the  chest. 

Hypinosis. — Diseases  in  which  the  fibrine  is  deficient  in 
amount,  the  blood  sometimes  scarcely  coagulating  when  drawn. 
The  globules  and  albumen  are  also  deficient  and  the  fat  in  excess. 
Typhus  and  typhoid  diseases,  with  severe  intermittents  and  re» 
mittents,  belong  to  this  class. 

Spansemia — Poor  Blood. — This  is  found  in  anosmia,  cachexies, 
cancer,  chlorosis  and  scurvy.  In  this  class  of  diseases  the  solids 
of  the  blood  often  fall  to  one  half,  and  there  is  a  diminution  of  all 
its  components.  According  to  Heller,  the  fibrine  is  not  always 
diminished  in  cancer,  but  in  excess,  indicating  febrile  disturbance 
as  well  as  cachexy. 

Ursemia — Urea  in  the  Blood. — A  minute  amount  of  this  body 
is  probably  a  proper  constituent  of  the  extractive  matters  of 
blood,  but  in  some  diseases  attended  with  diminution  of  the  urinary 
secretion,  the  urea  accumulates.  This  is  particularly  the  case  in 
Asiatic  cholera  and  albuminuria  or  Bright's  disease.  Dr.  0'- 
Shaughnessy  detected  as  much  as  0.14  per  cent,  of  urea  in  the 
blood  of  cholera.  In  febrile  diseases  accompanied  with  dimin- 
ished secretion  of  urine,  urea  also  accumulates  in  the  blood. 

JMeUitsemia—  Sugar  in  the  Blood. — The  blood,  according  to 
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Majendie,  contains  sugar  (glucose)  after  amylaceous  food,  but  it 
soon  disappears,  and  is  not  excreted  by  the  kidneys,  but  con- 
sumed in  the  process  of  respiration.  But  in  true  diabetes,  sugar  is 
found  as  a  diseased  product,  and  in  great  amount ;  Simon  has 
obtained  0.25  per  cent,  of  sugar  in  one  case,  about  two  hours 
after  a  hearty  meal ;  and  Rees  1.8  per  cent.  The  sugar  in  dia- 
betic urine  is  not  always  sweet,  there  being  two  varieties  of  the 
disease,  Diabetes  mellitus  and  D.  insipidus;  in  the  latter  the 
excretion  is  not  sweet,  but  it  answers  to  the  tests  for  glucose.  (See 
page  243.) 

Cholsemia — Bile  pigment  in  the  blood. — Jaundice,  and  all  dis- 
eases of  a  functional,  or  organic  nature,  affecting  the  liver  and 
diminishing  its  secretion,  cause  an  accumulation  of  biliphsein  or 
bile  pigment  in  the  blood.  It  is  the  function  of  the  liver  to 
separate  this  effete  matter,  and  if  it  becomes  incapable  of  discharg- 
ing this  important  duty,  the  coloring  matter  accumulates  in  the 
blood  and  stains  all  the  secretions.  It  does  not  appear  that  the 
biliary  fats,  except  cholesterine,  accumulate  in  the  blood,  but  they 
have  been  found  in  the  urine  by  Simon,  who  remarks  that  their 
separation  is  probably  too  rapid  to  allow  of  the  detection  of  any 
amount  in  the  circulating  fluid. 

In  a  very  interesting  case  of  jaundice,  published  by  Simon,  the 
serum  of  the  blood  was  almost  black,  the  amount  of  fibrine  less 
than  usual,  the  fat  increased  in  quantity,  and  the  corpuscles  rather 
diminished.  The  yellow  coloring  matter  of  the  blood  and  bile 
(hsemaphxin  and  biliphsein)  amounted  to  upwards  of  .26  per  cent. 
The  extractive  matters  were  also  in  excess.  In  a  case  of  organic 
disease  of  the  liver  with  obliteration  of  the  ductus  communis 
choledochus  falling  under  my  notice,  the  serum  of  the  blood,  the 
urine  and  perspiration  were  deep  brown,  but  the  serum  contained 
no  biliary  matter  except  the  biliphasin. 

Piarhsemia — Fat  in  the  blood. — The  fatty  matters  of  the  blood 
exist  in  combination  or  saponified,  and  not  in  the  state  of  globules, 
but  in  many  diseases  the  serum  is  whitish,  and  invaded  by  fat 
globules,  which  are  readily  detected  under  the  microscope.  Fat 
globules  are  spherical,  not  nucleated,  and  present  a  bright  clear 
centre  with  a  well  defined  black  margin.  Milky  serum  has 
been  detected  in  diabetes,  pneumonia,  cholera,  jaundice,  dropsy 
and  nephritis.  It  has  also  been  seen  by  Dr.  Lion  in  a  case  of 
mammary  abscess. 

Fat  exists  in  the  blood  in  excess,  but  not  necessarily  in  the 
state  of  globules,  in  hepatitis  and  most  functional  diseases  of  the 
Ijver,  in  pneumonia,  phthisis  pulmonalis  and  most  diseases  of  the 
Juno-s.  These  two  organs,  the  liver  and  lungs,  preside  over  the 
process  of  calorification,  and   regulate  the  consumption  of  fatty 


332  MENSTRUAL  BLOOD  AND  VENESECTION. 

matters,  and  if  either  be  diseased,  the  fat  accumulates  in  the  biood 
•and  the  organs  themselves.  . 

Pyohaemia—Pus  in  the  blood.—Pus  has  been  found  in  the 
blood  in  many  inflammatory  diseases  in  small  quantities,  but  it  is 
present  in  large  quantities  in  hectic  and  phlebitis.  The  pus  is 
detected  by  the  granulated  figure  of  the  globules,  by  their  size, 
and  the  existence  of  several  nuclei ;  they  have  also  a  tendency 
to  adhere  in  groups  of  two,  three,  five  or  more. 

Donne  proposes  to  test  blood  for  the  presence  of  pus  by  the 
addition  of  ammonia.  If  this  reagent  be  applied  to  healthy  blood, 
it  forms  a  clear  fluid,  but  if  pus  be  present  even  in  small  quantity, 
the  fluid  becomes  thready,  or  even  ropy,  and  may  be  drawn  out 
between  the  fingers. 

Animalcules  have  also  been  detected  in  the  blood  by  Dr. 
Goodfellow,  Mr.  Bushman  and  others,  in  peculiar  cases. 

The  Menstrual  Secretion. — This  secretion  is  less  modified 
than  any  other;  it  presents  a  composition  resembling  blood,  but 
contains  too  little  fibrine  to  coagulate  ;  its  salts  are  also  in  excess, 
and  it  has  an  acid  reaction.  The  following  analysis  is  from 
Simon : 

Water  785.00 

Solids  215.00 


Albumen 7G  54 

Fat 2.58 

Globules 120.40 

Extractive  and  saline  matters           -  8. GO 

Denis  has,  however,  detected  .05  per  cent,  of  fibrine  and  only 
half  the  amount  of  corpuscles,  hence  this  secretion  varies  with 
the  individual  and  with  health. 

Blood  in  Pregnancy. — Becquerel  and  Rodier  have  published 
an  interesting  series  of  analyses  of  the  blood  of  nine  pregnant 
women.  From  these  it  appears,  that  this  state  exercises  a  con- 
siderable influence  on  the  blood.  Its  density  is  increased,  along 
with  the  amount  of  fibrine  and  fat,  whilst  it  is  impoverished  in 
albumen  and  corpuscles.  This  indicates  that  the  albumen  is 
extracted  to  feed  the  fetus. 

The  Effect  of  Venesection  on  the  Blood. — At  first,  we 
would  infer,  that  venesection  acts  by  diminishing  the  constituents 
of  the  blood  equally,  but  this  is  not  exactly  the  case,  the  globules 
and  water  being  more  affected  than  any  other  portion  of  the  fluid. 
This  arises  from  the  fact  that  the  globules  are  confined  to  the 
larger  vessels  of  the  body,  and  are  absent  in  the  greater  portion 
of  the  capillaries  ;  and  secondly,  that  the  proportion  of  water  can 
be  readily  recruited  by  absorption  from  the  surrounding  tissues, 
whereas  the  albumen  and  fibrine  cannot, 
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The  effects  of  repeated  bleedings  are  also  shown  in  the  follow- 
n?  analyses  of  Becquerel  and  Rodier.  In  the  hundred  parts  of 
the  blood,  there  were 

1st  V.  S.  2d  V.  S.  3d  V.  S. 

Water         -         79.30         -         80.80         -         82  40 
Solids  -         20.70         -  19.20         -  17.00 

Fibrine        -  0.35         -  0.38         -  "o34 

Albumen    -  6.50         -  6.30         -  6  40 

Globules      -  12.99         -         11.60         -  9.90 

§  2.    RESPIRATION,  CALORIFICATION,  AND  NUTRITION. 

In  this  section  we  propose,  in  a  brief  manner,  to  discuss  the 
uses  of  the  blood.  The  chief  of  these  are  expressed  by  the  three 
words  of  the  heading;  its  office  is  to  sustain  respiration,  by  which 
two  important  purposes  are  accomplished — 1st,  the  complete  met- 
amorphosis of  the  fluid,  by  which  it  is  fitted  to  nourish  the  sys- 
tem ;  and  secondly,  calorification  or  the  generation  of  a  certain 
degree  of  heat,  which  is  essential  to  the  maintenance  of  chemical 
action  in  the  body.  Hence,  respiration  stands  in  the  relation  of 
a  cause,  and  calorification  and  nutrition  as  effects. 

Respiration  consists  in  the  regulated  admission  of  oxygen  into 
the  blood,  and  separation  of  carbonic  acid,  whereby  dark  venous 
blood  acquires  the  arterial  tint.  These  changes  occur  in  the  ca- 
pillaries of  the  lungs.  The  air  cells  contain  a  mixture  of  gases 
derived  from  the  atmosphere,  from  which  oxygen  is  absorbed  by 
the  moist  mucous  membrane,  and  transferred  to  the  pulmonary 
capillaries.  At  the  same  time,  and  in  virtue  of  the  universal  Jaw, 
that  gases  and  vapors  act  as  voids  towards  each  other,  a  portion 
of  the  free  carbonic  acid  of  venous  blood,  and  a  part  of  the  mois- 
ture of  the  cell  walls,  rise  into  the  air  of  the  cells,  and  thus  a 
mixture,  containing  a  deficiency  of  oxygen  and  an  excess  of  car- 
bonic acid  and  water,  and  called  the  respired  air,  is  formed  and 
thrown  out  of  the  lungs  during  expiration. 

Expired  air  differs  from  atmospheric  air,  in  containing  about 
4.3  per  cent,  of  carbonic  acid,  and  a  deficiency  of  rather  more 
oxygen;  it  also  contains  an  addition  of  about  0.35  percent,  of 
nitrogen.  It  appears  from  the  experiments  of  Brunner  and 
Valentin,  that  the  ration  between  the  carbonic  acid  exhaled  and 
oxygen  absorbed,  is  as  1  to  1.175,  or  the  same  as  their  respect- 
ive diffusive  volumes;  so  that  this  is  a  physical  phenomenon. 
As  much  as  117.5  cubic  inches  of  oxygen  are,  therefore,  admit- 
ted into  the  blood  for  every  100  cubic  inches  it  gives  out.  This 
excess  of  oxyo-en  is  employed  in  changing  other  bodies  besides 
carbon  into  oxides. 

The  amount  of  air  changed  in  the  lungs,  differs  from  several 
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causes,  as  the  capacity  of  this  organ,  the  time  of  life,  and  the  de- 
gree of  activity.  The  average  capacity  of  the  lungs  is  118  cubic 
inches;  and  the  amount  of  air  changed  at  each  inspiration  15  cubic 
inches,  but  this  may,  in  a  large  active  man,  increase  to  25  cubic 
inches.  According  to  this  calculation,  about  500,000  cubic  inches 
are  changed  during  the  24  hours.  Of  this  quantity,  about  30,000 
cubic  inches  of  the  air  expired  will  be  carbonic  acid,  containing 
from  12  to  13  ounces  of  solid  carbon. 

But  the  hourly  amount  of  carbonic  acid  expired,  or  the  num- 
ber of  respirations  differs  to  a  considerable  extent,  according  to  the 
activity  of  the  body,  and  in  disease.  We  are  indebted  for  an 
amount  of  highly  interesting  matter  on  this  topic,  to  the  labors  of 
Andral  and  Gavarret,  Brunner  and  Valentin,  and  Scharling. 

From  these  it  appears  that  the  consumption  of  oxygen  and  pro- 
duction of  carbonic  acid  increases  from  infancy  to  mature  life — 
thus,  in  the  male  sex  at  8  years  of  age,  about  67  grains  of  car- 
bon are  exhaled  per  hour;  this  quantity  rises  to  12G  grs.  at  12 
years;  166  grs.  at  20  years,  and  fluctuates  between  169  and  217 
during  mature  life;  falling,  after  60  years,  to  147  grs.,  and  being, 
between  76  and  100  years,  reduced  as  low  as  90  grs.  Thus  the 
quantity  rises  up  to  the  45th  or  the  50th  year,  and  afterwards  di- 
minishes with  the  strength. 

Andral  and  Gavarret  found  the  amount  of  carbon  exhaled  by 
the  female  at  corresponding  ages,  less  than  in  the  male.  From 
16  years  to  45,  the  amount  is  seldom  upwards  of  100  grs.  per 
hour.  There  is  a  peculiarity  in  respect  to  menstruation  ;  during 
this  period  the  amount  expired  falls,  seldom  attaining  95  grs.,  but 
during  pregnancy  it  rises  to  125,  and  after  the  cessation  of  the 
catamenia,  it  also  increases  to  120  and  upwards.  When  it  is 
remembered  how  much  fatty  matter  is  lost  from  the  female  sys- 
tem by  the  menses,  these  results  will  not  appear  surprising. 

Muscular  development  and  activity  have  an  equally  striking 
influence  over  the  amount  of  expired  carbonic  acid.  Andral  and 
Gavarret  measured  the  amount  of  carbon  expired  by  men  of 
different  strength,  and  found  in  one  case  at  the  age  of  26,  a  dif- 
ference between  an  athletic  and  spare  man  of  217  grs.,  and 
169.4  grs.  per  hour.  In  another  examination,  a  powerful  man 
of  60  years  expired  209  grs.,  a  strong  man  at  54  years,  163.2 
grs.,  and  a  slight  man  of  45  years,  only  132.4  grains. 

The  influence  of  rest  and  exercise  has  been  observed  by  Scharl- 
ing and  Hoffmann.  A  man,  31  years  of  age,  whilst  fasting,  exhaled 
145  grains  of  carbon;  after  breakfast  and  a  walk,  190  grains, and 
whilst  asleep,  100  grains.  Similar  results  were  reproduced  in 
several  instances  with  persons  of  different  ages  and  sexes.  Fast- 
ing, cold,  sleep  and  rest,  diminish  the  consumption  of  materials 
in  the  body,  and  bring  down  the  number  of  respirations  or  amount 
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of  carbon  exhaled.  If  intense  cold  be  allowed  to  act  with  rest,  the 
respirations  become  finally  reduced  to  nothing,  and  death  arises 
from  asphyxia — the  blood  being  no  longer  aerated,  congestions 
in  the  head  and  lungs  supervene. 

On  the  other  hand,  it  is  only  necessary  to  count  the  respirations 
during  active  exertion,  especially  walking  or  running,  to  perceive 
that  a  very  much  larger  amount  of  oxygen  enters  the  system.  In 
some  experiments  made  by  myself,  the  number  of  respirations 
were  as  follows:  during  sleep,  from  10  to  11  per  minute;  at  rest, 
sitting,  14  to  15  ;  during  a  slow  walk,  19  to  20;  during  fast  walk- 
ing, 22  to  25;  when  running  with  speed,  36  per  minute.  The 
increase  during  exercise,  was  also  found  to  be  proportionate  to  the 
rate  of  walking.  Indeed,  to  sustain  muscular  exertion  of  any 
kind,  the  supply  of  oxygen  to  the  system  must  be  increased;  for 
the  increased  force  depends  on  the  action  of  the  aerated  blood  on 
the  tissues. 

In  disease,  the  amount  of  carbon  exhaled  is  subject  to  great 
variations;  but  unfortunately,  sufficient  attention  has  not  been 
paid  to  this  topic.  The  number  of  respirations  afford  us  a  good 
index  of  this  change;  and  it  is  well  known,  that  these  increase 
in  active  fevers,  and  diminish  in  asthenic  and  cachectic  diseases. 

The  proportion  of  carbonic  acid  in  the  expired  air,  also  appears 
to  be  modified  by  disease.  Dr.  McGregor  found,  that  the  expired 
air  of  a  person  ill  of  confluent  small  pox,  contained  as  much  as  8 
per  cent.,  instead  of  4,  of  carbonic  acid.  During  the  eruptive 
fever  of  measles,  it  is  also  said  to  amount  to  nearly  5  per  cent.  In 
skin  diseases  attended  with  great  constitutional  derangement,  the 
amount  also  appears  to  increase.  According  to  Dr.  Malcolm,  the 
amount  of  carbonic  acid  exhaled  in  the  hour,  is  diminished  in 
typhus. 

Medicines  affect  the  number  of  respirations. — The  class  of 
general  stimulants  produce  an  increase  in  the  number  of  respira- 
tions ;  some  of  them,  however,  act  by  exciting  the  nerves  of  re- 
spiration, and  thus  expedite  the  play  of  the  muscles;  whilst 
others,  as  alcohol,  ether  and  allied  bodies,  produce  the  effect  by 
hastening  the  capillary  circulation.  Sedatives,  on  the  other  hand, 
reduce  the  number  of  respirations,  either  directly  or  indirectly,  as 
explained  above,  and  thus  bring  about  that  state  of  the  system 
which  is  naturally  connected  with  sleep  or  rest. 

Protoxide  of  nitrogen,  or  air  mixed  with  a  small  quantity  of 
oxygen,  increases  the  number  of  respirations,  and  by  permeating 
the  body  with  a  highly  oxygenized  blood,  excites  the  functions  of 
the  muscular  and  nervous  system.  On  the  other  hand,  any  means 
which  diminish  the  number  of  respirations,  or  reduce  the  amount 
of  oxygen  entering  the  blood,  also  diminish  muscular  and  nervous 
activity,  and  induce  sleep,  congestions,  and,  if  in  excess,  death 
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from  asphyxia.  The  inhalation  of  ether,  chloroform,  carbonic 
acid  or  other  mephitic  vapors,  acts  in  this  way,  and  brings  about 
asphyxia,  by  the  act  of  diminishing  or  excluding  the  normal  sup- 
ply of  oxygen  to  the  blood. 

Effects  of  respiration. — The  carbonic  acid  which  passes  out 
from  the  lungs,  was  suspended  in  the  venous  blood  of  the  capil- 
laries, where  it  had  accumulated  from  all  parts  of  the  body.  An 
opinion  has  prevailed  that  this  agent  is  combined  with  the  iron  of 
the  blood  corpuscles,  which  was  said  to  exist  as  carbonate  of  iron 
in  venous  blood.  But  this  is  mere  hypothesis,  for  the  haematin 
contains  metallic  iron,  and  not  an  oxide ;  and  secondly,  the  amount 
of  oxygen  entering  the  blood  would  not  follow  the  law  of  diffu- 
sion, as  proved  by  Brunner  and  Valentin,  if  the  gas  were  in  a 
combined  state.  Hence,  one  effect  of  the  aeration  of  the  blood 
is  to  remove  a  quantity  of  carbonic  acid  suspended  therein,  and 
which,  by  its  presence,  renders  this  fluid  unfit  for  nutrition. 

The  oxygen  which  enters  from  the  lungs,  revives  the  power  of 
the  circulating  fluid.  It  imparts  to  it  a  rich  crimson  color,  and 
endows  it  with  chemical  qualities,  entirely  different  from  those  of 
venous  or  deoxydized  blood.  The  gas  is  undoubtedly  at  first  ab- 
sorbed by  the  fluid,  but  it  cannot  remain  in  this  state  long,  for 
there  exist  in  the  blood  several  bodies,  which  have  a  powerful 
affinity  for  it. 

Of  these,  the  chief  are  fatty  matters  and  fibrine.  Indeed  the 
affinity  of  moist  fibrine  for  oxygen  is  remarkable,  for  if  a  small 
amount  be  exposed  to  the  air,  it  becomes  rapidly  oxydized,  and  if 
introduced  into  the  peroxide  of  hydrogen,  that  fluid  is  decomposed 
by  the  affinity  of  the  fibrine  for  its  oxygen.  That  it  absorbs 
oxygen  in  the  blood,  and  that  the  corpuscles  do  not  perform  this 
office  is  readily  shown,  for  if  oxygen  be  passed  through  venous 
blood  it  is  reddened,  but  if  the  blood  be  deprived  of  its  fibrine  or 
defibrinated,  the  oxygen  does  not  produce  a  change  of  color,  nor 
is  it  absorbed  to  the  same  extent  as  in  the  preceding  case. 

We  may,  therefore,  with  Mulder,  regard  the  fibrine  of  the 
blood  as  the  carrier  of  oxygen.  By  this  oxydation  it  becomes 
converted  into  the  binoxide  and  tritoxide  of  proteine,  in  some  de- 
gree ;  iis  phosphorus  and  sulphur  suffering  oxydation,  and  being 
converted  into  phosphoric  and  sulphuric  acids,  which  combine 
with  soda  and  other  bases  in  the  blood.  By  this  temporary  con- 
trivance, oxygen  is  borne  to  every  part  of  the  body.  It  is  not 
so  united  with  the  fibrine,  as  to  refuse  the  solicitations  of  other 
agents,  which  have  a  stronger  affinity  for  it,  and  is  therefore  gra- 
dually liberated  in  the  course  of  the  circulation,  and  especially  in 
the  capillaries. 

Mulder  conceives  that  the  oxides  of  proteine,  especially  the  in- 
soluble binoxide,  is  moulded  about  the  blood  corpuscles,  increasing 
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their  thickness  and  refracting  power,  and  producing  the  change 
ot  color.  Another  explanation  may  be  given  of  this  change.  It 
has  been  shown  in  the  article  Haematin  (page  293),  that  the  dif- 
ference of  figure  of  the  corpuscles  depends  upon  the  amount  of 
water  in  the  blood.  In  the  lungs  a  large  quantity  of  water  is  ex- 
haled from  the  blood,  and  the  saline  matters  therefore  rather  in- 
creased in  their  proportionate  amount;  a  result  of  this  change  will 
be  endosmosis  from  the  disks,  and  the  production  of  the  biconcave 
figure.  The  proteine  compounds  have  also  a  strong  affinity  for 
water,  and  will  conspire  to  bring  about  the  same  result. 

That  the  oxides  of  proteine  are  really  formed,  is  proved  by  the 
well  known  fact,  that  when  the  respirations  are  augmented  in  dis- 
ease, as  in  inflammatory  fevers,  there  is  formed  an  inflammatory 
crust  or  buffy  coat,  which  is  composed  of  these  oxides.  Again, 
by  reference  to  the  composition  of  mucus,  arterial  membrane  and 
other  tissues  (p.  333),  it  will  be  seen  that  the  principal  constitu- 
ents of  the  body  are  hydrated  oxides  of  proteine,  or  in  other 
words,  substances  nearly  allied  to  the  products  of  the  action  of 
oxygen  on  venous  blood.  In  this  view,  the  aeration  of  the  blood 
is  a  preliminary  stage  in  nutrition  ;  and  hence  the  necessity  for 
respiration  in  the  repair  of  the  tissues  of  the  body  becomes 
strikingly  apparent. 

But  in  the  course  of  the  circulation,  some  portion  of  the  oxygen, 
attached  to  the  fibrine,  leaves  it  to  oxydize  or  combine  with  other 
bodies.    That  this  is  the  case,  appears  from  several  considerations  : 

1.  The  materials  passing  from  the  blood  for  the  repair  of  parts  is 
not  so  highly  oxydized  as  the  binoxide  and  tritoxide  of  proteine ; 

2.  There  are  formed  several  oxides  in  the  course  of  the  circulation, 
especially  carbonic  acid  (C02),  and  the  phosphoric  and  sulphuric 
acids,  which  must  derive  their  oxygen  in  part  from  the  inhaled 
gas  ;  3.  The  animal  heat,  which  sustains  the  body,  is  produced  in 
the  capillaries  of  every  part  of  the  system,  and  is  the  result  of  the 
oxydation  of  fatty  and  other  matters  in  the  blood  and  tissues. 

The  difference  produced  by  respiration,  between  venous  and 
arterial  blood,  therefore  resolves  itself  into  three  prominent  circum- 
stances. 

1st.  Oxygen  causes  the  proteine  compounds  to  take  on  a  new 
form-preliminary  to  their  precipitation  in  the  tissues  of  the  body, 
for  the  repair  of  parts. 

2d.  A  portion  of  the  oxygen  is  expended  in  resolving  fatty 
and  the  effete  matters  of  the  tissue  into  carbonic  acid,  and  other 
oxides,  for  the  maintenance  of  the  animal  heat;  and  the  preparation 
of  the  effete  matters,  previous  to  their  separation  as  excretions. 

3d.  A  consequence  of  the  foregoing  actions  of  the  oxygen  of 
arterial  blood  is  an  increase  of  the  affinity  of  this  fluid,  as  com- 
pared with  venous  blood,  for  the  tissues  of  the  body— in  conse- 
29 
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quence  of  the  close  chemical  relations  existing  between  them  and 
oxygen,  and  which  constitute  the  chief  cause  of  its  circulation 
in  the  capillaries  of  the  system. 

Other  differences  undoubtedly  exist,  but  their  history  is  ob- 
scure. The  power  of  the  blood  to  assimilate  chyle,  the  meta- 
morphoses whereby  globulin,  hsematin,  the  globules  and  phosphor- 
ized  fats  are  brought  into  existence,  are,  no  doubt,  connected  with 
the  presence  of  this  extraordinary  agent;  but  these  are  effects  that 
can  be  merely  surmised.  It  is,  however,  to  be  remarked,  that 
in  nearly  all  the  cases  of  pure  catalytic  action,  by  the  presence  of 
platinum,  condensed  oxygen  is  the  active  body.  In  the  blood 
this  agent  is  present;  it  is,  moreover,  condensed  by  the  fibrine, 
and  there  are  presented  to  it  bodies,  such  as  the  fats,  which  are 
extremely  prone  to  change  by  oxydation.  Fibrine,  moreover,  acts 
catalytically  when  presented  to  the  peroxide  of  hydrogen ;  and 
the  oxides  of  proteine  are  the  active  ferments  of  organic  chemistry. 

Calorification — the  process  whereby  the  constant  heat  of 
the  body,  about  98.6°  F.,  is  sustained. — The  principal  seat  of 
this  function  are  the  capillaries,  and  the  fluid  in  which  it  takes 
place  is  arterial  blood :  for  this  possesses  a  temperature  higher 
than  that  of  other  parts  of  the  body.  From  the  phenomena  of 
inflammation,  we  also  conclude  that  the  action  whereby  heat  is 
produced  takes  place  chiefly  in  the  capillaries. 

In  all  cases  of  combustion  occurring  under  ordinary  circum- 
stances, and  in  which  the  organic  matters  of  animals  or  plants 
constitute  the  fuel,  oxygen  is  absorbed.  Or,  in  other  words,  for 
the  production  of  heat,  oxydation  must  occur.  The  oxygen  at- 
tached to  the  proteine  bodies  in  arterial  blood,  is  able  to  follow  the 
solicitations  of  stronger  chemical  affinities,  and  may,  therefore,  be 
regarded  as  partially  free.  Whatever  bodies  have  a  powerful 
affinity  for  this  agent,  will  be  oxydized  ;  and  we  know  that  car- 
bonic acid  and  water  are,  in  this  case,  as  in  the  ordinary  burning 
of  many  organic  bodies,  the  products  of  combustion,  within  the 
body. 

Excluding  the  proteine  bodies,  the  fatty  and  extractive  matters 
of  blood  are  the  only  ones  liable  to  be  acted  on  by  the  oxygen. 
Of  these,  the  fatty  matters  have  a  powerful  affinity  for  this  agent, 
and  the  extractive  bodies  are  not  known  to  have  any ;  moreover, 
the  latter  are  not  understood  to  be  connected  with  calorification, 
in  any  particular,  whereas  the  fatty  matters  are  so. 

That  the  fatty  matters  of  the  blood  constitute  one  principal 
source  of  animal  heat,  is  apparent  from  the  following  considera- 
tions. Non-azotized  food,  in  passing  into  the  blood,  becomes  con- 
verted into  fat.  The  proportion  of  this  kind  of  aliment  instinct- 
ively demanded  by  the  system,  increases  with  the  external  cold; 
and  in  the  artic  regions,  fats  and  oils  compose  the  greater  part  of 
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the  food  of  the  inhabitants.  The  veins  absorb  fatty  matters,  and 
venous  blood  is  plentifully  recruited  therewith  from  the  chyle  and 
lymph  ;  but  the  proportion  does  not  greatly  increase  in  health,  and 
diminishes  in  the  arteries.  Yet  notwithstanding  that  many  ounces 
of  fatty  matters  enter  the  circulation  daily,  the  generality  of  man- 
kind do  not,  in  health,  rapidly  increase  in  fatness;  hence,  it  is  not 
as  a  general  thing  deposited,  but  consumed  in  the  body.  On  the 
other  hand,  if  animals,  as  pigs,  be  fed  with  linseed  cake  or  corn, 
rich  in  oil  and  kept  perfectly  still,  and  in  a  warm  situation,  the 
fatty  matters  cannot  be  consumed,  from  the  want  of  a  sufficient 
supply  of  oxygen  and  are  deposited  in  their  bodies.  But  on  the 
other  hand  active  animals,  especially  in  cold  weather,  do  not  rapid- 
ly fatten. 

The  liver  and  lungs  are  interested  in  the  process  of  calorifica- 
tion; the  former  prepares,  in  some  measure,  the  fatty  matters,  and 
the  second,  by  the  introduction  of  oxygen  in  respiration,  regulates 
their  consumption.  If  the  lungs  be  diseased,  especially  in  phthisis 
pulmonalis,  and  too  little  oxygen  be  admitted,  the  fat  of  the  blood 
becomes  deposited  in  the  tissue  of  this  organ,  and  to  such  an  ex- 
tent as  to  constitute  from  thirty  to  fifty  per  cent,  of  its  solid  por- 
tion. The  liver  likewise  suffers,  fat  being  deposited  in  this  viscus 
whenever  the  respirations  are  reduced,  or  some  substitute  for  fat 
is  introduced  into  the  system  to  act  on  the  arterial  oxygen,  as 
alcohol. 

Liver  diseases  often  arise  in  tropical  climates  among  strangers, 
from  incautious  diet ;  accustomed  to  the  use  of  large  amounts  of 
butter  and  good  meats,  they  overlook  the  influence  of  climate, 
and  introduce  into  their  bodies  amounts  of  fat  which  cannot  be 
consumed  by  the  process  of  calorification,  and  are,  therefore, 
deposited  in  the  liver,  and  serve  to  embarrass  the  functions  of  that 
organ.  Whilst  such  persons  do  not  restrict  their  diet,  they  are 
compelled  to  abstain  from  exercise,  and  therefore  introduce  much 
less  oxygen  into  their  system  than  in  northern  positions.  On  the 
other  hand,  the  natives  content  themselves  with  fruits  and  vegeta- 
bles, eating  little  meat  and  fatty  bodies,  and  are  exempt  from 
hepatic  diseases. 

The  process  of  fattening  geese,  for  the  epicure,  by  which  the 
foie  gras  of  the  French  is  obtained,  also  satisfies  us  that  the  prin- 
cipal substances  consumed  in  the  generation  of  the  animal  heat 
are  fatty  bodies.  In  this  case  geese  are  crammed  with  fatty  food, 
fastened  down  before  a  hot  fire,  and  kept  without  water.  The 
heat  and  rest  disposes  them  to  sleep,  the  respirations  become  few 
and  laborious,  and  the  fat  introduced  into  the  system  not  being 
consumed,  is  stored  in  the  liver,  increasing  the  weight  of  that 
viscus  manifold  in  a  few  weeks. 

In  disease  we  observe  evidences  of  the  same  fact.     In  fevers  a 
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high  temperature  is  sustained,  without  the  introduction  of  food 
into  the  system,  the  respirations  are  increased,  and  the  first  ap- 
pearance of  waste  to  sustain  the  fire  of  the  fever,  is  in  the  accu- 
mulations of  fat.  In  starvation  the  fat  disappears  first  ;  and  before 
the  consumption  of  the  muscular  portions  of  the  frame,  the  fats 
of  the  brain  fall  before  the  assaults  of  the  oxygen  of  the  arterial 
blood.  Delirium  occurs  as  a  consequence,  long  before  death 
closes  the  scene. 

The  heat,  which  becomes  sensible  in  the  incubation  of  the  egg, 
arises  from  the  oxydation  of  the  fat  of  the  yolk,  which  diminishes 
as  the  process  advances.  Again,  in  hybernation,  we  find  that 
the  animals  retire  in  the  winter  loaded  with  fat,  and  in  the  spring 
appear  in  a  state  of  emaciation.  As  during  this  period  respira- 
tion is  the  only  function  not  suspended,  it  is  clear  that  the  oxygen 
introduced  acts  (perhaps  exclusively)  on  the  fat. 

According  to  the  older  writers,  the  globules  of  the  blood  are 
connected  with  the  production  of  heat.  It  is  true  that  in  anae- 
mia and  chlorosis,  diseases  attended  by  a  deficiency  in  blood 
corpuscles,  the  animal  heat  is  somewhat  less,  but  by  no  means 
in  proportion  to  their  reduction,  which  often  exceeds  two-thirds. 
Again,  in  arctic  regions,  there  is  no  material  increase  in  the  pro- 
portion of  globules,  whilst  the  amount  of  heat  generated,  to  resist 
the  cold,  is  very  much  greater  than  in  temperate  localities.  More 
oxygen  and  fat  are  introduced  into  the  body  ;  but  there  is  not  any 
increase  of  blood  globules. 

Dr.  G.  O.  Rees  announces  that  the  blood  globules  contain  a 
phosphorized  fat,  which  is  consumed  by  the  oxygen  admitted  by 
the  lungs,  and  thus  serves  to  generate  heat.  But  the  phospho- 
rized fat  of  the  blood  is  in  too  minute  a  quantity  to  supply  so 
much  heat,  and  it  is  difficult  to  perceive  in  what  way  several 
ounces  of  this  body  can  be  procured  in  the  day ;  for  ordinary  fat 
and  the  oils  of  vegetables,  contain  no  phosphorus.  A  minute  pro- 
portion of  phosphorus,  and  perhaps  sulphur,  are  unquestionably 
oxydized  in  the  blood,  but  they  afford  an  inconsiderable  supply  of 
heat. 

Besides  the  Consumption  of  Fatty  Matters,  other  sources  of 
Heat  exist. — The  body  is  a  constant  scene  of  waste  and  repair; 
as  one  portion  of  tissue  is  repaired  by  the  nutritious  exudation  of 
the  blood  from  the  capillaries,  another  portion  is  broken  down  and 
returned  to  the  blood.  The  re-entering  substances  suffer  oxyda- 
tion at  the  time  of  their  disorganization,  and  pass  through  a  series 
of  changes,  which  ultimately  eventuate  in  the  production  of  car- 
bonic acid,  water  and  urea,  all  of  them  oxydized  products.  Dis- 
regarding the  intermediate  steps,  of  which  we  know  little,  this 
change  may  be  made  to  appear  by  the  following  diagram.  It  has 
been  said  that  muscle,  nerve,  and  tissue,  taken  together  as  in 
a  piece  of  beef,  have  a  composition  identical  with  that  of  the  blood. 
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If  we  add  oxygen  to  the  formula,  representing  these  mixed  bodies, 
it  is  found  to  yield  the  above  products.     Thus : 

Animal  tissue  C4S  H39  N6  015 

102  atoms  of  oxygen  -         -  Oin, 

yield 

3  atoms  of  urea  (C2  H4  N2  02) 
27  atoms  of  water 
42  atoms  of  carbonic  acid 

^48  "39  ^6    ^117 

The  products  of  this  oxydation  are  discharged  chiefly  by  the 
kidneys  and  lungs.  They  cannot  be  formed  without  the  evolu- 
tion of  heat.  Hence,  in  the  separation  of  effete  matters  from  the 
body,  a  process  which  is  continually  going  on,  and  produces  the 
secretion  of  urine,  and  the  exhalation  of  carbonic  acid  and  water 
from  the  lungs  and  skin,  a  considerable  amount  of  heat  is  deve- 
loped. This  heat,  conspiring  with  that  obtained  by  the  direct  con- 
sumption of  fatty  matters,  constitute  the  main  supply  of  the  body. 

Heat  is  evolved  in  the  action  of  the  muscles,  and  is  also  found 
to  diminish  in  a  remarkable  manner  upon  the  division  of  the 
pneumogastric  and  other  nerves.  Hence  it  has  been  inferred  that 
the  nerves  create  heat,  but  this  is  absurd,  for  the  nerves  convey 
a  force,  and  heat  is  a  second  force;  therefore,  to  urge  that  one 
force  creates  another  without  the  intervention  of  matter,  is  to 
argue  that  nothing  creates  something.  Heat  can  no  more  be 
created  by  the  body,  without  fuel,  than  it  can  by  the  furnace.  It 
may  be  regulated  by  the  nervous  system,  in  diminishing  or 
increasing  the  respirations,  or  diverting  large  amounts  of  blood 
to  particular  organs,  but  it  cannot  be  produced  without  the  change 
of  some  strbstance  by  oxydation. 

The  amount  of  heat  is  rigorously  as  the  oxygen  consumed. 
1 — Whatever  is  oxydized  in  the  body  gives  out  heat,  and  the 
amount  of  change  depends  exclusively  on  the  proportion  of  the 
oxygen.  With  an  increase  in  the  respirations,  the  propor- 
tion is  augmented.  We  therefore  find  that  the  temperature  of 
animals  bears  a  close  relation  to  the  numbers  of  their  respirations. 
The  number  of  respirations  of  the  pigeon,  according  to  Provost  and 
Dumas,  is  34  in  a  minute,  and  its  temperature  107.6°  F.;  in  the 
cat  the'heat  is  101.3°,  and  the  respirations  24;  whereas,  in  man, 
it  is  98.G3  F.,and  the  respirations  average  18  per  minute. 

The  amount  of  oxygen  entering  the  system  is  subject  to  per- 
petual change,  it  is  as  the  respirations,  and  these  vary  from  10  to 
40  in  a  minute.  But  under  ordinary  circumstances,  it  may  be 
allowed  that  32  ounces  are  consumed  daily. 
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We  may  proceed  to  calculate  how  much  heat  this  amount  of 
oxygen  would  generate  in  combining  with  the  tissues  of  the 
body,  and  in  this  way  prove  that  it  will  be  sufficient  to  sustain 
the  animal  heat.  For  this  purpose  it  is,  however,  preferable 
to  calculate  the  amount  of  heat  produced  by  the  combustion  of 
the  carbon ;  as  the  proportion  entering  the  system  has  been 
ascertained  more  directly,  by  analyzing  the  food  and  excretions. 

The  amount  of  carbon  introduced  by  food  into  the  circulation 
daily,  at  a  moderate  temperature,  in  hard  working  men  is  equal 
to  13.9  ounces  (Liebig),  in  men  of  comparative  leisure  about  11 
ounces,  and  in  those  who  are  of  less  than  ordinary  stature,  and 
who  use  little  exertion,  especially  females,  from  8  to  6  oz. 
Now,  according  to  the  experiments  of  Despetz,  the  heat  yielded  in 
the  combustion  of  one  ounce  of  carbon  is  capable  of  elevating  78.15 
ounces  of  water  from  32°  to  212°  F.,  or  180  degrees  ;  or  78.15+ 
180°  equals  14067  degrees  of  heat.  Hence,  the  13.9  ounces  of 
carbon  consumed  in  the  metamorphoses  of  the  body  generate 
13.9  +  14067  or  195531.3  degrees  of  heat.  This,  according  to 
Liebig,  is  sufficient  to  heat  184.3  lbs.  of  water  from  32°  to  98.3° 
F.,  or  the  temperature  of  the  body,  and  can  evaporate  3  lbs.  of 
water,  in  the  form  of  insensible  perspiration,  during  the  day,  and 
allow  a  large  amount  of  heat  to  remain  to  sustain  the  body  from 
the  effects  of  cooling  by  radiation. 

It  will  be  remembered  that,  besides  the  amount  of  carbon,  a 
considerable  quantity  of  hydrogen  is  also  oxydized  ;  hence  this, 
with  the  foregoing,  will  constitute  an  abundant  source  of  animal 
heat. 

Nutrition. — By  the  introduction  of  oxygen  into  the  blood,  it 
becomes  capable  of  repairing  the  tissues  changed  by  the  incessant 
wear  of  the  machine.  Nutrition  takes  place  by  the  exudation  of 
the  albuminous  portions  of  the  blood,  previously  modified  by 
oxygen,  through  the  walls  of  the  capillaries,  into  the  cells  of  the 
basement  tissue  of  all  parts  of  the  body.  By  this  afflux  of  blas- 
tema, new  cells  are  generated  and  prepared  to  take  the  place  of 
those  which  have  been  destroyed  by  chemical  action.  This  is 
the  ordinary  process  of  nutrition  in  the  healthy  parts  of  the  body, 
but  in  some  cases  the  blastema  may  be  exuded  in  the  amorphous 
state. 

In  mature  life  the  amount  of  substance  passing  out  of  the 
blood  vessels  is  exactly  counterbalanced  by  an  amount  of  effete 
matter  returning  in  the  opposite  direction.  The  passage  out- 
wards, or  exosmose,  is  met  by  a  passage  inwards,  or  endosmose,oi 
fluid  to  the  same  amount.  Thus  there  is  attained  an  accurate 
balance  between  the  materials  of  waste  and  repair,  and  the  weight 
of  the  body  remains  constant  from  year  to  year.  But  during 
youth  nutrition  is  in  advance  of  waste,  and  growth  occurs.     In 
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persons  of  great  activity  and  in  disease,  waste  occasionally  ex- 
ceeds repair.  Every  muscular  or  mental  effort  is  accompanied 
with  the  oxydation  of  parts  and  waste  of  tissues,  and  if  these  be 
not  restored,  by  rest  and  generous  diet,  debility  ensues. 

Ihe  matters  returning  to  the  blood  constitute  a  portion  of  its 
extractive  bodies,  which  are  effete  forms  of  proteine;  but  besides 
them,  urea,  carbonic  acid  and  water  are  probably  admitted— for 
it  is  scarcely  possible  that  all  the  changes  of  oxydation  occur  in 
the  blood  and  no  portion  in  the  tissues. 

These  currents  out  of,  and  into  the  capillary  vessels,  are  a 
result  of  chemical,  affinities.  The  chief  of  which,  according  to 
Liebig,  is  the  acid  nature  of  the  fluid  external  to  the  blood  and°the 
alkaline  reaction  of  the  blood  itself.  Other  causes  are  also  calcu- 
lated to  set  up  such  a  current,  as  the  difference  of  density  in  the 
inner  and  outer  fluid,  the  excess  of  oxygen  in  the  arterial  blood, 
and  the  amount  of  carbonic  acid  in  the  fluid  of  the  tissues. 

Hence,  the  exudation  of  the  blastema,  cell-food,  or  nutriment 
destined  to  repair  the  tissues,  is  a  result  of  capillary  action  and 
obeys  its  laws.  The  further  consideration  of  endostnosis  and 
capillary  action  will  be  resumed  in  the  next  chapter. 

The  following  illustration  from  Liebig  sets  forth  the  relations 
of  nutrition  to  waste  in  a  striking  manner.  A  serpent  kept  for 
some  time  (weeks)  without  food,  and  then  fed  on  a  goat,  rabbit, 
or  bird,  expels  from  the  body,  apparently  unchanged  by  the 
intestines,  the  hair,  hoofs,  horns,  feathers  or  bones  of  the  devoured 
animal;  exhales  carbonic  acid  and  water;  and  evacuates  by 
the  urinary  passages  urate  of  ammonia.  The  urate  of  ammo- 
nia answers  in  serpents  to  the  urea  of  mammals,  and  has  nearly 
the  same  composition. 

The  serpent  after  a  time  regains  its  original  weight  and  no 
part  of  the  prey  is  discoverable  in  its  tissues.  Let  us  analyze 
this  simple  case  of  nutrition.  The  muscles,  blood  and  fatty 
matters  of  the  prey  contained  substances  in  which  there  were  8 
atoms  of  carbon  to  1  of  nitrogen.  The  urate  of  ammonia  con- 
tainino-  all  the  nitrogen  of  the  food  has  but  2  equivalents  of 
carbon  to  1  of  nitrogen;  hence  there  is  an  excess  of  0  atoms 
of  carbon  which  does  not  pass  off  by  the  urine,  but  which  passes 
off  by  the  lungs  as  carbonic  acid,  having  combined  with  the 
oxygen  admitted  by  respiration. 

In  the  lion  and  all  carnivora  the  result  is  the  same,  but  the 
consumption  is  more  rapid.  In  man  and  animals  which  live  on 
mixed  food,  the  proportion  of  carbon  to  the  nitrogen  changes  with 
the  proportion  of  fatty  and  amylaceous  bodies,  but  the  urea,  which 
contains  nearly,  if  not  all  the  nitrogen  of  the  food,  depends  rigo- 
rously on  the  azotized  matters  they  consume.  Under  ordinary 
circumstances   a   man  evacuates  231  grains,  or  nearly  half  an 
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ounce  of  nitrogen  in  urea  and  uric  acid  during  the  day,  and  this 
is  the  proportion  in  the  meats  and  proteine  bodies  he  usually 
consumes. 

§  3.       SECRETION. 

It  has  been  explained  that  in  the  act  of  nutrition  the  blood 
loses  a  portion  of  its  normal  components,  and  acquires  a  certain 
amount  of  effete  matters.  These  render  the  circulating  fluid 
impure  and  unfit  to  sustain  life,  and  must  be  thrown  out  of  it. 
To  this  end  the  secretions  are  necessary,  and  principally,  the 
urine,  the  separation  of  carbonic  acid  by  the  lungs  and  skin,  and 
the  bile. 

The  kidneys  separate  the  whole,  or  nearly  the  whole,  of  the 
effete  nitrogen  bodies  in  the  form  of  urea  and  uric  acid,  in  the 
carnivora,  and  urate  of  ammonia,  in  birds  and  reptiles.  They 
remove  also  the  saline  matters  which  are  in  excess,  or  which 
are  the  products  of  oxydation  and  metamorphosis  in  the  body, 
such  as  the  phosphate  of  ammonia.  This  secretion  will  be  ex- 
amined at  length  in  another  part  of  the  work. 

The  secretion  from  the  skin  has  already  been  partially  treated  of, 
in  the  chapter  on  heat,  page  37.  It  consists  nearly  entirely  of  water, 
but  carbonic  acid,  lactic  acid  and  a  minute  amount  of  phosphates 
and  urea  are  also  separated.  The  pure  ecretion,  the  insensible 
perspiration,  is  mixed  with  the  sebaceous  matter  of  the  sebaceous 
glands,  the  office  of  which  is  to  render  the  skin  soft  and  pliable. 
The  latter  can  scarcely  be  called  a  secretion,  for  it  is  an  essential 
part  of  the  cuticular  tissue,  and  fatty  matter  scarcely  changed, 
with  epithelium  scales  and  a  small  amount  of  lactate  of  lime  and 
soda.  The  chief  office  of  the  insensible  perspiration  is  to  equili- 
brate the  heat  produced  by  chemical  changes  within  the  body. 

From  the  lungs,  carbonic  acid  is  excreted  ;  here  also  a  consi- 
derable amount  of  water  is  evolved  in  the  state  of  vapor,  which 
serves  to  refrigerate  the  system. 

The  secretion  of  bile  is  different  from  the  foregoing;  this  fluid 
is  only  partly  excrementitions,  the  greater  portion  of  its  solids 
being  returned  into  the  system  along  with  the  chyle  and  serving 
the  same  purpose  as  other  fatty  matters.  The  liver  is  set  in  the 
way  of  the  entrance  into  the  blood,  of  much  of  the  nutritious 
matter  of  the  food.  The  portal  veins  are  active  in  absorbing  fatty 
matters,  as  well  as  other  substances,  from  the  stomach  and  intes- 
tines, which  they  convey  to  the  liver  for  assimilation.  Hence, 
this  organ  not  only  secretes  from  the  blood,  but  also  assimilates 
matter  for  the  reparation  of  this  fluid. 

Portal  blood,  from  which  bile  is  prepared,  contains  twice  as 
much  fat  as  arterial   blood,  and  this  is  separated  by  the  liver. 
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The  tubuli  of  this  organ  prepare  a  mucus,  rich  in  soda,  which 
serves  to  attract  a  considerable  portion  of  the  fatty  matters,  from 
the  minute  branches  of  the  portal  veins.  Union  occurs  between 
these  bodies,  and  there  is  formed  a  compound  of  a  fatty  acid 
(the  choleic)  with  soda,  which  is  the  principal  constituent  of  the 
secretion.  But  as  choleic  acid  differs  from  the  fats  of  food,  they 
must  undergo  in  the  blood  or  by  the  action  of  the  biliary  mucus 
a  catalytic  change  which  is  of  the  nature  of  assimilation. 

Simultaneously  with  the  formation  of  this  body,  cholesterine  and 
coloring  matters  pass  from  the  blood,  and  thus  the  bile  is  formed. 
This  fluid,  therefore,  consists  of  choleic  acid  combined  with  the 
soda  (choline-soda,  bilate  of  soda,  choleate  of  soda)  of  the  hepatic 
mucus,  of  cholesterine,  and  coloring  matter  (biliphsein).  Of  these 
the  choleate  of  soda  is  the  characteristic  body. 

Choleic  acid  (bilic  acid,  bilif ell inic  acid)  resembles  bile,  purified 
by  the  separation  of  the  coloring  matter,  by  animal  charcoal ;  it 
is  a  yellowish,  brittle  body,  resembling  gum  Arabic,  of  an  intensely 
bitter  taste  and  soluble  in  water  and  alcohol,  but  not  in  ether. 
Artificially  combined  with  soda,  it  acquires  all  the  characteristics 
of  bile,  and  forms  a  yellowish  soap,  which  lathers  with  water, 
has  an  alkaline  reaction  and  a  bitter  nauseous  taste.  Its  formula, 
according  to  Liebig,  is  C76H66N2022. 

By  the  action  of  strong  acids  or  alkalies,  choleic  acid  is  changed 
into  a  number  of  bodies  which  do  not,  however,  exist  in  bile  ; 
such  as  the  cholic  and  choloidic  acids,  &c.  The  bile  in  disease 
often  developes  a  large  amount  of  cholesterine,  a  non-saponifiable 
fat,  like  spermaceti ;  and  a  large  amount  of  modified  coloring 
matter  called  biliverdin,  and  found  by  Berzelius  to  be  identical 
with  chlorophyll.  These  form  the  two  principal  ingredients 
of  biliary  calculi ;  and  exist  separately,  or  may  be  combined. 
They  would  appear  to  be  products  of  the  mal-assimilation  of 
the  liver;  for  it  is  probable  that  choleic  acid  is  a  compound  of 
the  effete  coloring  matter  of  the  blood,  hremaphsein,  with  fatty 
bodies,  which  are  resolvable  into  cholesterine.  The  nitrogen 
existing  in  this  body  shows  that  some  modified  proteine  body 
has  participated  in  its  formation. 

The  amount  of  bile  produced  daily  is  considerable ;  M.  Blondot 
found  that  10  to  12  drachms  were  discharged  daily  from  the  liver 
of  a  dog.  In  this  case  a  fistulous  opening  into  thQ,  gall-bladder 
had  been  made,  and  the  ductus  communis  choledochus  tied. 

Of  this  20  per  cent,  was  solid  matter,  nine-tenths  of  which  was 
the  choleate  of  soda  (bilin  or  bilate  of  soda  of  authors).  This 
chemist  observed  that  the  proportion  of  bile  was  increased  when 
fat,  suo-ar,  or  amylaceous  matters  were  given  to  the  animal.  The 
secretion  also  served  to  stimulate  the  peristaltic  action  of  the 
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bowels,  and  was  carefully  licked  up  by  the  animal.  The  ani- 
mal at  first  was  emaciated,  and  continued  so  as  long  as  he  licked 
up  the  bile,  but  this  being  hindered,  his  bowels  became  torpid, 
the  stools  white,  and  he  grew  fat.  M.  Blondot  observed  these 
facts  in  two  dogs,  and  infers  that  the  bile  is  excrementitious  and 
of  no  service  in  the  economy,  a  view  opposed  to  that  of  all  che- 
mists and  of  Schwann,  who  found  in  a  series  of  similar  experi- 
ments, that  all  the  animals  died  from  the  want  of  the  secretion. 
Blondot,  like  other  chemists,  was  unable  to  detect  choleic  acid  in 
the  faeces  of  the  dogs  that  licked  up  the  bile,  hence  there  is  reason 
to  believe  that  it  was  thrown  back  into  the  system,  probably  modi- 
fied by  contact  with  the  chyle. 

The  presence  of  bile  pigment  [bilipsein,  cholepyrrhin)  in  the 
serum,  urine  or  any  other  fluid,  is  readily  determined  by  the 
gradual  addition  of  nitric  acid,  which  produces  first  a  blue,  then 
green,  violet,  red,  and  ultimately  a  yellowish-brown  tint. 

Production  of  the  Secretions. — How  are  the  secretions  formed? 
In  the  case  of  the  bile  and  the  secretion  from  mucous  surfaces,  it 
arises  from  the  development  and  separation  of  cells,  but  this  is 
not  the  case  with  the  urine  or  milk.  The  milk  contains  glob- 
ules, but  they  are  not  cells  produced  by  a  regular  basement  tis- 
sue, but  of  the  same  nature  as  the  fat  globules  of  the  chyle,  or  of 
ordinary  emulsions.  For  if  we  allow  an  oily  matter  to  come 
slowly  in  contact  with  a  dilute  albuminous  fluid,  there  will  be 
formed  oil  globules,  the  wall  of  which  is  a  pellicle  of  albumen. 
This  is  a  process  altogether  distinct  from  cytogenesis. 

Urine  and  milk  are  secretions  which  appear  to  leave  the  blood 
Avithout  the  elaboration  of  cells  ;  and  this  is  not  at  all  remarkable, 
since  the  chyle  undoubtedly  finds  entrance  without  this  mechan- 
ism. These  secretions  are  merely  strained  from  the  blood,  and 
serve  to  separate  matters  existing  therein. 

Milk  nearly  resembles  chyle,  the  principal  difference  being  the 
presence  of  caseine  in  the  place  of  albumen,  and  the  amount  of 
sugar.  It  is  also  liable  to  change  from  the  ingestion  of  numerous 
bodies,  especially  volatile  oils  and  saline  matters. 

The  blood  always  contains  a  small  amount  of  urea,  which  is 
the  characteristic  component  of  urine.  Indeed,  this  secretion  con- 
tains nothing  which  is  not  pre-existent  in  the  blood,  and  seems  to 
drain  away  from  that  fluid  without  any  considerable  preparation. 
It  is  remarkably  altered  by  foreign  bodies;  thus  the  saline  sub- 
stances with  an  alkaline  base,  administered  as  medicine,  are  found 
here  unchanged  ;  so  with  coloring  matters  and  many  volatile  oils. 
Large  draughts  of  water,  especially  in  the  winter,  increase  the 
amount  of  the  secretion. 

Secretion,  according  to  this  view,  is  no  more  than  the  filtration 
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or  separation  of  useless  bodies  from  the  blood,  and  is  a  result  of 
capillary  attraction. 

wTI]f  Pnenomenon  of  vicarious  secretion  sustains  this  view. 
We  find  that  when  the  action  of  the  liver  is  diminished  or  stop- 
ped, the  coloring  matter  (haemaphsein),  which  it  is  the  duty  of 
this  organ  to  separate,  accumulates  in  the  blood,  and  is  secreted 
by  the  kidneys  and  skin.  If  the  secretion  of  milk  in  the  female 
be  suddenly  stopped,  caseine  (fdestein)  is  found  in  the  urine. 
Urea  increases  in  the  blood  in  diabetes  and  organic  diseases  of 
the  kidney,  and  is  discharged  by  the  skin.  The  menstrual  flux  is 
also  occasionally  discharged  in  the  urine,  and  sometimes  passes 
off  from  the  mucous  membrane  of  the  lungs  or  stomach. 

But  the  capillary  action  of  the  glands,  whereby  the  blood  is 
strained  of  its  impurities,  and  the  secretions  formed,  is  like  the 
capillary  action  of  every  other  part  of  the  body,  under  the  influ- 
ence of  the  nerves.  The  secretion  is,  therefore,  normal  only 
when  the  body  is  in  health,  and  disease,  affecting  the  nervous 
centres,  is  as  influential  in  changing  the  relations  of  the  gland- 
capillaries  to  the  constituents  of  the  blood,  as  disease  in  the  organ 
itself.  Hence,  we  have  alterations  in  the  urine  and  other  secre- 
tions, arising  from  nervous  affections  and  general  disease  ;  and 
find  at  one  time  a  suppression  of  urea,  and  at  another  an  evacua- 
tion of  albumen. 


CONCLUSION  ON  THE  BLOOD. 

From  the  foregoing,  the  blood  is  to  be  regarded  as  the  great 
source  of  nourishment,  and  the  receptacle  of  the  effete  matters 
of  the  tissues.  It  is  at  once  the  means  of  sustenance  for  the 
body,  and  the  stream  into  which  the  substances  which  have  suf- 
fered decomposition  and  organic  death  are  cast,  to  be  separated  by 
the  liver,  lungs,  skin  and  kidneys.  The  chyle  and  lymph  un- 
dergoing assimilation  in  it,  and  being  aerated  by  respiration, 
become  fitted  to  repair  the  tissues,  and  the  muscular  and  nervous 
framework. 

The  refuse  of  the  body,  which  has  served  its  purpose  in  gene- 
rating muscular  power  or  nervous  activity,  returned  to  it,  is  sub- 
jected to  further  change  and  prepared  to  leave  the  system  as  urea, 
carbonic  acid  and  water;  substances  which  become  resolved  in  the 
air  into  carbonate  of  ammonia,  carbonic  acid  and  water.  Thus  the 
animal  machine  breaks  down  the  complex  amylaceous  and  pro- 
teinous  bodies  of  the  vegetable,  acting  on  them  by  eremacausis 
or  oxydation,  and  restoring  them  to  the  mineral  world. 

But  the  heat  and  li^ht,  which  have  acted  in  the  plant,  to  bring 
together  the  products  of  vegetation,  are  not  lost  in  the  body.     If 
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the  animal  destroys  organic  matters,  and  converts  them  into  air 
and  water,  with  a  little  saline  matter,  it  economizes  their  latent 
forces.  Heat  is  evolved  in  calorification,  and  an  imponderable 
closely  analogous  to  electricity,  which  we  call  the  nervous  power, 
is  developed.  It  has  been  shown,  that  the  muscular  and  active 
man  consumes  more  oxygen,  than  the  spare  and  inactive ;  and  this 
that  more  organic  matter  may  be  changed  and  power  produced. 

As  Matteucci  (page  122)  found,  that  the  activity  of  the  musculo- 
cutaneous current  in  animals,  depends  upon  the  supply  of  blood, 
so  we  know,  that  every  increase  of  power,  whether  of  the  nervous 
masses  or  the  muscles,  is  associated  with  an  increased  capillary 
circulation  in  the  part — with  increased  oxydation  and  waste.  The 
power  generated  is  rigorously  in  proportion  to  the  oxydation  of 
the  muscle  or  brain.  Whenever  we  employ  means,  as  by  the 
inhalation  of  protoxide  of  nitrogen,  to  super-oxydize  the  blood, 
excessive  action  results,  and  as  we  diminish  the  supply  of  this 
agent,  the  powers  of  life  flag,  and  become  extinguished,  with 
the  final  loss  of  oxygen. 

The  phenomena,  termed  by  us  life,  flow  from  the  changes 
going  on  in  the  blood  and  tissues.  Each  molecule  of  fat  that  is 
oxydized  gives  out  its  proportional  of  vital  heat.  Each  atom  of 
the  fat  acid  of  the  brain  (cerebric  acid)  that  falls  before  the  affini- 
ties of  oxygen,  throws  out  a  force  that  circulates  in  the  nerves ; 
whilst  the  muscular  tissue  responds  to  the  influence  of  the  same 
element,  by  the  production  of  movement. 

Life  is  the  resultant  of  regulated  chemical  changes,  which  owe 
their  peculiarity,  to  the  framework  solely.  Many  of  the  altera- 
tions impressed  upon  the  proteine  and  fat  compounds  can  be 
imitated  in  the  laboratory,  but  we  perceive  heat,  light  and 
electricity  only  as  the  accompanying  phenomena.  The  evolution 
of  true  cellules,  which  make  up  the  body,  is  the  characteristic  of 
life.  It  is  the  laboratory  which  is  peculiar,  not  the  agent  of 
change,  for  this  is  purely  chemical. 

Death  results,  when  the  generation  of  cellules  comes  to  an  end, 
or  when  their  food,  derived  from  the  blood,  is  radically  altered. 
If  the  metamorphoses  arising  from  respiration  be  not  perfected,  if 
the  sources  of  supply  be  drained,  or  if  disease  affects  the  current, 
the  machine  comes  to  a  stand,  and  its  delicate  and  complicated 
parts  lose  their  office.  The  stern  laws  of  the  inorganic  world 
rule  in  the  stead  of  the  cellular  operations  of  the  organic  king- 
dom, and  the  body  passes  to  the  air  and  the  earth  from  which  it 
was  derived. 
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THE  CAPILLARY  FORCE. 

Synonymes.     Endosmosis  and  Exosmosis;  Penetration  of  tissues. 

Having  presented  a  view  of  the  composition  of  blood,  and  the 
principal  nutritious  fluids,  the  question  arises  how  are  these  con- 
veyed to  the  cellules,  which  they  nourish  ?  Or,  in  other  words, 
what  causes  the  circulation  of  the  nutritious  juices,  the  penetration 
of  chyle  into  the  system,  and  the  separation  of  the  secretions  from 
the  body?  We  answer  that  this  arises  from  the  capillary  force, 
which  is  the  active  cause  of  the  phenomena  termed  endosmosis 
and  exosmosis,  the  penetration  of  tissues,  and  cell  nutrition. 

The  capillary  force,  or  capillary  attraction,  has  been  defined  in 
the  first  part  of  this  book  (pp.  129  to  128),  to  be  a  species  of 
affinity,  inferior  to  the  chemical  affinity  in  force,  but  having  the 
same  electrical  cause.  The  wetting  of  solids  by  some  liquids, 
cases  of  solution,  the  diffusion  of  gases,  and  the  admixture  of 
liquids,  where  none  of  the  disturbances  characterizing  chemical 
action  (p.  12S)  arise,  are  instances  of  capillary  affinity. 

Phenomena  of  the  Capillary  Force. — If  a  piece  of  dry  bladder, 
or  the  dry  opaque  cornea,  be  placed  in  water,  the  fluid  penetrates 
every  part,  enlarging  its  bulk,  and  endowing  it  with  a  degree  of 
transparency.  This  does  not  arise  from  leakage,  because  it 
takes  place  in  opposition  to  gravity  when  the  membrane  is  sus- 
pended, so  as  to  touch  the  water  at  one  part  only.  It  arises  from 
the  existence  of  a  peculiar  affinity  between  the  bodies,  and  is  an 
illustration  of  capillary  action.  All  fluids  will  not  rise;  if  we 
dip  these  membranes  into  mercury,  they  do  not  become  swollen 
by  its  penetration  into  their  parts. 

The  illustrations  here  presented  are  not  more  striking  than 
those  occurring  continually  around  us.  The  ascent  of  sap  in 
trees,  the  swelling  of  wood  when  immersed  in  water,  the  solution 
of  sugar,  are  all  instances  of  this  action.  But  the  nature  of  capil- 
lary attraction  is  best  studied  with  glass  tubes.  Water  and  many 
other  fluids  wet  glass,  or  have  a  capillary  affinity  for  it,  and  will 
rise  between  two  planes  of  this  material,  or  in  tubes  made  of  it. 

The  height  to  which  water  rises  in  a  glass  capillary  tube,  de- 
pends upon  its  bore,  being  inversely  as  the  diameter.  A  tube  of 
half  an  inch  bore,  plunged  into  water,  will  scarcely  draw  the  fluid 
above  its  common  level ;  but  the  water  within  the  tube  will  ex- 
hibit a  concave  surface.  If  the  tube  be  -fa  of  an  inch,  the  water 
will  rise  one  inch,  if  T£5th,  two  inches,  and  so  forth,  according  to 
the  above  law. 
30 
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Now,  if  in  the  place  of  water,  we  examine  the  action  of  other 
liquids,  we  find  that  they  are  not  attracted  in  the  same  degree,  but 
that  each  fluid  rises  according  to  its  affinity  for  the  material  of  the 
tube.  Muschenbroeck  determined  that  a  glass  capillary  tube  which 
would  raise  sulphuric  acid  1.3  inch,  would  raise  alcohol  1.8  inch; 
oil  of  turpentine,  2.5G  inch;  water,  3.4  inch;  strong  solution  of 
ammonia,  3.G  inch  ;  and  solution  of  carbonate  of  ammonia,  4.56 
inches.  It  will  be  observed  that  the  cause  of  elevation  is  inde- 
pendent of  specific  gravity.  Nor  is  there  any  chemical  action  in 
these  cases.  The  fluids  rise  because  they  have  different  capil- 
lary affinities  for  the  glass. 

But  all  fluids  do  not  rise  in  capiliary  arrangements.  If  a  tube 
of  glass  or  iron  be  immersed  into  mercury,  the  fluid  sinks  in  the 
interior  of  the  tube,  or  is  repelled.  If,  however,  we  change  the 
electrical  relations  of  the  tubes  and  mercury,  by  putting  them  in 
connection  with  the  different  poles  of  a  galvanic  battery,  the  fluid 
rises.  So  in  every  case  we  find  that  the  fluid  rises  when  the 
electrical  relations  of  the  two  are  dissimilar,  and  is  depressed 
when  they  are  similar.  Hence,  electricity  is  the  cause  of  the 
movements  of  fluids  in  solids.  This  is  further  established  by  the 
fact  that  the  two  are  always  found  in  different  electrical  states  if 
separated  and  examined.     (See  p.  127.) 

As  there  exists  so  much  difference  between  the  affinities  of  dis- 
similar fluids,  it  is  apparent  that,  when  a  capillary  body  is  brought 
in  contact  with  two  fluids,  only  one  of  which  exerts  an  attraction 
for  it,  or  one  of  which  exerts  a  greater  attraction  than  the  other, 
it  will  be  affected  by  the  one  only.  Thus,  if  water  be  poured  on 
quicksilver,  and  a  capillary  arrangement,  consisting  of  a  few 
strands  of  cotton  yarn  let  down  into  it,  the  water  will  rise,  but  not 
the  mercury.  So  if  oil  be  poured  on  water,  and  the  same  sub- 
stance sunk  into  them,  the  oil  only  rises,  for  it  has  a  greater  af- 
finity for  the  yarn  than  the  water.  In  this  way  a  capillary  ar- 
rangement may  be  used  to  effect  a  partial  separation  of  bodies. 

If  we  dip  a  glass  capillary  tube  into  olive  oil,  a  certain  amount 
of  the  oil  will  rise,  and  if  we  now  dip  the  same  tube  into  water, 
this  will  also  rise,  and  push  the  oil  up  before  it.  Thus,  movement 
is  effected,  the  least  attractive  of  two  fluids  being  pushed  forward 
in  a  tube  by  the  more  attractive,  and  even  driven  out  of  it.  This 
law  holds  in  every  case  where  the  circumstances  are  similar. 

As  the  advance  of  the  liquid  depends  on  the  attraction  of  the 
sides  of  the  tube,  it  cannot  rise  higher  than  its  upper  margin, 
however  minute  it  may  be.  If  a  tube,  capable  of  elevating  oil 
three  inches,  be  broken  at  one  inch  above  the  surface  of  the  fluid, 
the  oil  cannot  overrun  the  summit.  But  if  we  set  fire  to  the  oil, 
or  cause  it  to  be  removed  from  the  summit  of  the  tube  in  this  or 
any  other  case,  fresh  quantities  will  rise  from  below  to  take  the 
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place  of  that  carried  away  or  decomposed,  and  thus  a  current  will 
be  established.  This  occurs  in  the  common  lamp;  when  unlighted, 
the  wick  is  saturated  with  oil,  and  none  overflows,  but  if  we  in- 
flame it,  however  rapid  the  consumption,  new  portions  of  oil  rise 
to  replace  those  destroyed. 

Capillary  action  takes  place  in  every  case  where,  the  necessary 
chemical  affinities  exist.— It  is  not  necessary  that  there  should  be 
visible  vessels  or  pores,  or  that  there  should  be  a  fluid  or  solid — 
it  occurs  between  two  fluids,  between  gases,  and  between  gases 
and  solids  or  fluids.  In  every  case,  whether  it  be  a  mass  of 
metal,  a  volume  of  gas,  a  fluid,  or  a  membrane,  there  is  an  infi- 
nite number  of  pores  or  interstices  existing  between  the  ultimate 
particles,  and  into  these  the  fluids  or  gases  intrude.  To  the  pas- 
sage of  bodies  which  have  a  chemical  affinity,  no  opposing  force 
exists — density,  closeness  of  texture  are  as  nothing;  but  on  the 
other  hand,  a  tissue,  however  open,  which  has  no  electrical 
affinity  of  a  fluid,  offers  an  insurmountable  obstacle  to  its  pene- 
tration. Indian  rubber,  which  resists  water,  is  rapidly  permeated 
by  carbonic  acid,  and  softened  by  ether. 

The  intensity  of  the  capillary  force  is  as  the  electrical  rela- 
tions of  the  bodies. — When  their  affinity  is  slight,  the  liquid  rises 
in  a  tube  or  permeates  a  tissue,  but  in  a  small  degree.  If  it  be 
intense,  the  fluid  rises  high  in  a  tube,  and  may  proceed  so  far  as 
to  dissolve  or  disintegrate  the  solid.  In  the  highest  state  of  capil- 
lary attraction,  it  becomes  identical  with  the  chemical  force. 

Applications  of  the  preceding  facts. — The  preceding  facts 
which  are  true  for  membranes,  minerals  and  all  bodies  whatever, 
have  a  special  application  to  the  phenomena  of  the  penetration  of 
gases  through  membranes,  to  endosmosis  and  exosmosis,  and  the 
capillary  circulation  in  animals  and  plants.  We  shall  briefly  con- 
sider these  applications. 

The  penetration  of  gases  through  membranes  takes  place, 
however  thick  they  may  be,  but  is  more  rapid  the  finer  the  mem- 
brane. The  passage  is  through  the  interstices  between  the  atoms, 
and  not  through  any  obvious  pores,  and  occurs  with  different  rapidi- 
ties for  dissimilar  gases.  It  does  not  follow  the  law  of  diffusion 
(pao-e  176)  in  every  case,  for  the  membrane  sometimes  condenses 
the  gas,  and  may  enter  into  chemical  union  with  it.  The  pas- 
sage takes  place  notwithstanding  pressure.  Dr.  Draper  deter- 
mined that  a  pressure  of  450  lbs.  on  the  square  inch,  did  not 
hinder  the  passage  of  sulphuretted  hydrogen  through  a  mem- 
brane. 

The  introduction  of  oxygen  into  the  blood,  and  the  exhalation 
of  carbonic  acid  and  vapor  of  water  in  the  lungs,  offer  illustrations 
of  penetration  in  the  bodies  of  animals.  There  is  no  difference 
between  the  passage  occurring  through  dead  or  living  membrane, 
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or  through  Indian  rubber,  Avater  or  porous  minerals,  except  so  far 
that  these  bodies  do  not  condense  gases  to  the  same  extent. 

Endosmosis  and  Exosmosis.— -These  words  were  introduced 
by  Dutrochet,  to  express  the  fact  that  when  a  bladder  is  filled 
with  alcohol  and  immersed  in  water,  some  portion  of  the  alcohol 
comes  out  from  the  bladder,  and  is  replaced  by  water,  which  goes 
into  the  bladder.  The  outward  current  he  termed  exosmosis,  and 
the  inward,  endosmosis.  He  conceived  this  to  be  a  peculiar  ope- 
ration, and  to  depend  upon  the  texture  of  the  membrane,  but  it  is 
now  known  to  occur  through  the  pores  of  mineral  "bodies.  It  is  a 
case  of  the  penetration  of  fluids. 

It  is  regulated  by  a  few  simple  laws,  the  principal  of  which  are 
as  follows : 

1st.  The  fluids  or  bodies,  on  either  side  the  membrane  or 
porous  system,  must  have  capillary  attraction  for  it. 

2d.  They  must  have  an  attraction  for  one  another.  If  we  fill 
a  bladder  with  oil  and  immerse  it  in  water,  the  passage  inwards 
and  outwards  does  not  occur.  The  oil  penetrates  the  tissue  pass- 
ing from  the  inner  to  the  outer  surface,  but  here  all  capillary  at- 
traction ceases.  It  cannot  advance  beyond  the  limit  of  the  pores 
or  interspaces  of  the  bladder,  any  more  than  oil  can  flow  oyer  the 
wick  of  a  lamp.  To  leave  the  membrane,  it  must  be  solicited  by 
the  exterior  fluid,  and  combine  with  it  by  capillary  action.  The 
same  holds  for  the  water  from  the  exterior;  this  passes  through 
the  thickness  of  the  bladder,  but  being  insoluble  in  oil,  cannot 
mingle  with  it. 

Place  a  solution  of  potash  outside  of  the  bladder  of  oil,  or  any 
substance  with  which  it  can  combine,  or  for  which  it  has  an 
affinity,  and  it  will  pass  out  freely. 

3d.  When  the  fluids  have  an  attraction  for  one  another,  and 
unequal  affinities  for  the  membrane,  that  which  has  the  greatest 
passes  through  most  rapidly.  If  we  place  strong  alcohol  in  the 
bladder  and  water  exteriorly,  the  latter  having  most  affinity  for 
the  membrane,  enters  much  more  rapidly  than  the  alcohol  passes 
out;  hence  the  bladder  becomes  distended,  and  will  burst  if  com- 
pletely closed.  Or  if  we  adjust  a  graduated  tube  to  it,  the  excess 
of  fluid  rises  and  may  be  measured;  such  an  arrangement  is 
termed  an  cndosmometer. 

A  thick  solution  of  gum  or  sugar,  or  a  concentrated  solution  of 
any  soluble  salt  placed  within  the  membrane,  solicits  the  external 
water,  which  flows  into  the  bladder  in  excess.  But  if  the  ar- 
rangement be  reversed,  the  excess  of  current  is  in  the  opposite 
direction.  In  all  these  cases  some  amount  of  the  denser  fluid 
passes,  but  in  less  quantity  than  the  lighter. 

4th.  The  current  inwards  and  outwards  flows  as  long  as  there 
is  a  difference  in  composition  or  density  between  the  fluids ;  the 
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rate  diminishing  as  the  difference  lessens.     The  foregoing  laws 
are  also  true  for  gases. 

Cell  Nutrition.— The  access  of  nutriment  into  the  cells  of  any 
part  is  subject  to  the  above  laws.  Indeed,  the  growth  of  the 
cellule  is  a  consequence  of  them.  The  bounding  membrane 
is  not  an  impediment  to  the  passage  of  nutritious  matters,  which 
necessarily  possess  a  considerable  capillary  affinity  for  the  tissue, 
any  more  than  the  bladder  impedes  the  entrance  of  water.  The 
current  of  cell  food  (cytoblastema)  will,  as  a  general  rule,  flow 
faster  into  the  cell  than  its  elaborated  contents  escape— hence,  the 
development  of  the  part  and  its  final  destruction  by  bursting. 

The  basement  tissue  of  a  part  lying  upon  the  cell  food  and 
permeated  by  it,  evolves  cells  which  suck  up  like  a  sponge  the 
food,  expand  by  its  introduction,  and  finally  burst,  yielding  their 
contents  as  a  secretion.  Or  they  may,  by  absorbing  oxygen  with 
their  food,  as  in  the  muscles,  brain  and  other  parts,  cause  a  change 
thereon,  or  perform  a  species  of  digestion,  converting  the  blas- 
tema into  effete  matter,  and  evolving  electricity,  or  the  nervous 
power. 

The  passage  of  albumen  out  of  the  capillaries,  and  the  intro- 
duction of  the  effete  fluids  of  the  body,  are  obviously  cases  of 
exosmosis  and  endosmosis.  The  ascent  of  sap  in  a  tree,  the 
introduction  of  fluid  into  the  veins,  lacteals  and  lymphatics,  are 
other  instances,  for  these  are  not  open  vessels.  They  are 
charged  with  a  fluid  having  alkaline  reaction,  and  which  has  the 
property  of  soliciting  fatty  matters  and  albumen  from  the  intestines 
or  other  parts  of  the  body.  Fill  a  delicate  membranous  tube, 
with  a  dilute  solution  of  carbonate  of  soda  or  the  alkaline  tribasic 
phosphate  of  soda,  and  place  it  in  an  oily  emulsion,  and  it  will 
be  found  that  the  oil  penetrates  the  membrane  by  endosmosis. 

Capillary  Circulation. — It  is  well  known  that  all  the  functions 
of  the  body  are  carried  on  in  the  capillaries  and  not  in  the  large 
vessels.  The  arteries  nowhere  enter  the  veins,  but  between 
them  lie  minute  vessels  or  interstices,  in  which  the  arterial  blood 
becomes  changed  into  venous.  These  interstices,  whether  tubu- 
lar or  intercellular,  constitute  the  capillary  system  of  the  body. 
The  diameter  of  the  vessels  and  spaces  varies  from  71l_.  to  TTnhro- 
or  less  of  an  inch. 

The  plasma  of  the  blood,  the  chyle,  lymph  and  muscular  fluids 
move  in  these  interstices,  and  are  altogether  independent  of  the 
action  of  any  mechanical  force.  The  heart  has  no  influence  to 
control  these  currents,  for  it  has  no  connection  with  the  absorbent 
system,  with  the  portal  capillaries,  nor  with  the  interstices  be- 
tween the  cells.  The  office  of  this  organ  is  to  regulate  the  cir- 
culation in  the  whole  body  and  to  drive  the  blood  into  the  large 
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arteries.  And  this  it  does  with  a  force  equal  to  about  one  pound 
to  the  square  inch. 

The  capillary  circulation  even  in  the  vessels  lying  between  the 
arteries  and  veins,  is  independent  of  the  heat.  The  movement  here 
is  iucreased  or  diminished  by  local  means  which  do  not  affect  the 
central  organ.  If  the  web  of  a  frog's  foot  be  exposed  in  the  field 
of  the  microscope,  the  white  blood  (plasma)  of  the  capillaries  will 
be  seen  moving  leisurely,  from  artery  to  vein,  and  meandering 
among  the  tissues.  It  all  takes  a  determinate  course  to  the  veins. 
If  the  web  be  touched  with  a  drop  of  strong  brine  or  alcohol, 
the  currents  rush  to  the  spot,  and  a  centre  of  inflammation  is 
established.  On  the  contrary,  if  an  aqueous  solution  of  opium 
be  placed  on  it,  the  current  becomes  more  languid  and  retires 
from  the  part  affected.  Heat  also  excites  the  capillary  circulation, 
and  cold  diminishes  it.  In  these  and  innumerable  similar  cases, 
the  heart's  action  is  not  in  the  least  affected. 

The.  capillary  circulation  is  that  essential  to  nutrition,  the 
presence  of  the  heart  being  of  little  importance,  except  in  large 
animals.  The  greater  number  of  the  inferior  animals  have  no 
heart,  but  life  cannot  exist  without  a  capillary  or  interstitial  cir- 
culation. 

The  cause  of  the  systemic  capillary  circulation  is  the  chemical 
affinity  existing  betiveen  arterial  blood  and  the  sides  of  the 
vessels  or  cells  among  which  it  flows.— We  have  seen  that  the 
function  of  nutrition  consists  in  the  passage  of  oxygenized  blood 
through  the  capillaries.  This  action  demonstrates  the  existence 
of  a  considerable  chemical  affinity  between  this  fluid  and  the 
vessels ;  in  virtue  of  which  it  penetrates  the  basement  tissue  of 
the  capillaries  or  moves  along  their  axes.  The  advance  of  the 
arterial  blood  is  a  phenomenon  analogous  to  that  of  the  ascent 
of  water  in  a  glass  tube;  it  arises  from  the  attraction  of  the  fluid 
and  solid  for  each  other. 

This  attraction  explains  the  fact  that  the  arteries  are  always 
found  empty  after  death,  whilst  the  veins  are  filled.  So  long  as 
there  is  arterial  blood,  it  is  attracted  by  the  sides  of  the  capillaries, 
and  hence  the  vessels  which  bring  it  are  ultimately  emptied. 

The  capillary  vessel  has  arterial  blood  on  one  side,  and  venous 
blood  on  the  other.  The  first  contains  an  excess  of  oxygen,  which 
is  lost  in  the  passage,  being  employed  in  effecting  chemical 
changes  in  the  capillaries.  The  question  now  arises,  why  is  the 
current  invariably  in  one  direction  from  the  arterial  to  the  venous 
side  ?  Because  arterial  blood  has  a  greater  affinity  for  the  tissue 
than  the  venous  blood;  hence  it  not  only  advances  in  preference 
to  it,  but  pushes  the  venous  blood  before  it ; — an  effect  analogous 
to  the  action  of  water  on  olive  oil,  in  a  capillary  tube. 

This  capillary  affinity  not  only  is  the  cause  of  the  circulation, 
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but  it  acts  as  a  force,  driving  forward  the  volume  of  venous  blood 
even  to  the  right  auricle,  and  by  distending  it,  is  the  cause  of  the 
neart  s  action.  In  the  portal  circulation  no  other  force  can  act, 
for  the  vessels  of  this  system  commence  in  the  capillaries  of  the 
gastric,  intestinal,  mesenteric  and  other  veins,  and  terminate  in 
the  porta  capillaries  of  the  liver.  By  the  vis  a  tergo  in  the  arte- 
rial capillaries,  the  large  abdominal  veins  are  filled,  and  by  the 
drainage  going  on  by  the  secretion  of  bile,  a  demand  for  fluid  is 
supported— in  the  same  way  that  the  combustion  of  oil  in  a  lamp 
creates  a  constant  demand  for  more  of  the  fuel. 

The  entrance  of  fluid  from  the  intestines,  and  from  various 
parts  of  the  body  into  the  absorbents,  is  also  in  virtue  of  a  chemi- 
cal affinity  existing  between  the  entering  liquid  and  the  alkaline 
fluid  of  these  vessels. 

The  venous  blood  of  the  pulmonary  arteries  is  driven  by  the 
contraction  of  the  right  ventricle  of  the  heart,  to  the  extremities  of 
the  vessels  ramifying  on  the  cells  of  the  lungs.  But  the  heart 
cannot  drive  it  further.  Exclude  the  oxygen  of  the  air  and  it 
stagnates  there,  and  venous  congestion  is  the  result.  How  does 
the  venous  congestion  of  asphyxia  arise,  if  the  heart  has  the 
power  of  driving  the  blood  through  the  capillaries,  or  if  that 
fabulous  operation  of  contraction  and  dilation  in  the  capillaries 
be  the  cause  of  its  propulsion.  Fabulous,  for  no  one  has  seen  it 
of  the  thousands  of  microscopical  observers,  and  there  is  no  mus- 
cular coat  in  these  vessels.  Asphyxia  from  venous  congestion, 
as  in  drowning  and  the  inhalation  of  ether,  arises  in  a  few  mi- 
nutes, long  before  life  is  extinct,  without  the  nervous  power  be- 
ing injured,  and  is  relieved  not  by  causing  the  heart  to  beat,  and 
driving  forward  the  blood,  but  by  the  establishment  of  artificial 
respiration,  whereby  it  may  be  arterialized. 

The  function  of  respiration,  by  oxydizing  venous  blood,  endows 
it  with  the  power  of  advancing,  by  capillary  affinity,  into  the 
trunks  of  the  pulmonary  veins,  and  filling  the  left  auricle,  which 
is  thereby  stimulated  to  contraction.  Hence,  by  the  action  of 
the  capillary  force,  the  right  and  left  auricles  are  filled,  and  by  no 
power  of  suction,  as  is  generally  conceived. 

Whatever  lessens  the  supply  of  oxygen  to  the  body  dimin- 
ishes, and  whatever  increases  it,  renders  the  circulation  more 
rapid.  The  presence  of  oxygen  in  this  fluid  is  therefore  the  re- 
mote cause  of  the  circulation,  for  it  is  this  agent  which  gives  to 
arterial  blood  its  affinity  for  the  capillaries  and  tissues. 

For  the  foregoing  views,  we  are  chiefly  indebted  to  Professor 

Draper. 

Capillary  action  explains,  besides  the  foregoing,  many  other 
operations  occurring  in  the  body. — The  penetration  of  liquids 
into  the  blood,  the  evacuation  of  serous  and  mucous  fluids  from 
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the  tissues  under  the  influence  of  irritants,  are  instances.  If  a 
strong-  solution  of  Epsom  salts,  nitre,  or  other  saline  bodies,  be  in- 
troduced into  the  stomach,  they  produce  a  diversion  of  fluid  from 
the  tissues  by  capillary  action,  in  the  same  way  that  similar 
bodies  placed  in  the  endosmometer  and  plunged  in  water,  solicit 
a  current  of  fluid  towards  themselves.  The  purgative  or  emetic 
action  of  many  bodies  depends  on  this  action. 

Cold  diminishes  the  capillary  circulation,  because  it  diminishes 
the  chemical  action  between  the  oxydized  blood  and  the  tissues. 
Heat  exercises  the  opposite  effect.  Stimulants  and  epispastics 
also  act  by  increasing  the  capillary  circulation  locally. 

Saline  medicines  cannot  enter  the  blood,  except  when  very 
dilute,  because  they  attract  fluid  to  themselves  into  the  intestines, 
when  concentrated. 

Numerous  medicines  act  by  endowing  the  blood  with  a  specific 
quality,  which  causes  an  increase  or  diminution  of  the  affinity 
existing  between  it  and  the  capillaries.  On  this  subject,  see  the 
section  on  isomorphism,  at  page  158. 

The  relation  of  the  capillaries  to  the  circulating  fluid,  is  also 
under  the  influence  of  the  nervous  system.  For  we  find  that  in- 
stead of  advancing,  the  blood  sometimes  becomes  stagnant  in  the 
parenchymatous  tissues,  or  on  the  contrary,  it  may  be  hurried 
forward  with  febrile  rapidity. 

The  secretions  are  dependent  on  the  affinity  of  certain  fluids 
for  the  capillary  tubes  of  the  glands. 


URINE. 

The  urine  in  health  is  an  amber-colored,  limpid  fluid,  with  acid 
reaction.  Its  sp.  gr.  is  from  1.01  to  1.025,  the  difference  being 
due  to  the  variable  proportion  of  water.  It  readily  passes  into 
the  state  of  putrefaction,  exhaling  a  urinous  or  ammoniacal  odor. 
Chemical  writers  divide  the  secretion  into  three  parts.  1.  The 
Urina potus,  which  is  produced  shortly  after  drinking;  2.  The 
U.  cibi  secreted  after  a  meal ;  3.  The  U.  sanguinis,  morning 
urine.  Of  these,  the  first  contains  an  excess  of  fluid.  The 
second  is  mixed  with  adventitious  substances  derived  from  the 
food,  as  coloring  matters,  essential  oils,  and  an  excess  of  saline 
bodies.  The  urina  sanguinis  is  that  to  which  the  attention  of  the 
physician  is  to  be  turned,  as  affording  a  true  indication  of  the  state 
of  the  functions  of  the  body. 

The  amount  of  urine  voided  in  the  day  averages  2k  lbs.,  and 
contains  about  21  ounces  of  solid  bodies,  and  rather  less  than  half 
an  ounce  of  nitrogen. 
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The  normal  composition  of  this  important  secretion  is  as  fol- 
lows : — 

Watcr> 934.OO 

Sohds» 66.00 

Of  the  solids  there  are,  in  100  parts, 

yTrea> 45.10 

Uric  acid, 1  50 

Extractive  matters  with  ammonia  salts  ) 

and  chloride  of  sodium,                          (  36.30 

Alkaline  sulphates      -  10.30 

Alkaline  phosphates             ...  g  gg 

Phosphates  of  lime  and  magnesia        -  1.50 

From  this  composition  it  would  appear  to  be  a  secretion  des- 
tined to  remove  from  the  body  effete  nitrogenized  bodies  and 
saline  matters.  It  is  rich  in  urea  and  ammoniacal  bodies,  which 
are  highly  nitrogenized,  and  contains  some  16  per  cent,  of  in- 
organic salts.  The  principal  constituents  are  urea,  ammoniacal 
salts  and  the  phosphates,  and  some  further  observations  are  neces- 
sary concerning  these  bodies. 

Urea  is  the  characteristic  compound  of  urine ;  it  is  the  most 
highly  azotized  body  known,  containing  46.7  per  cent,  of  ni- 
trogen. Its  formula  isC2H4N202,  or  the  same  elements  as  cyanate 
of  oxide  of  ammonium  (NH4,0  +  CyO). 

It  may  be  procured  from  concentrated  urine,  or  artificially  in 
the  way  pointed  out  at  page  227.  In  the  pure  state,  urea  crys- 
tallizes in  four-sided,  transparent  and  colorless  prisms,  which 
dissolve  in  their  own  weight  of  water,  and  are  still  more  soluble 
in  hot  alcohol.  It  has  a  cooling,  saline  taste,  is  inodorous,  and 
permanent  in  the  air.  When  heated,  it  melts,  and  at  a  higher 
temperature  becomes  decomposed  into  cyanate  of  oxide  of  am- 
monium, cyanuric  acid,  and  ammonia. 

It  is  neutral  to  test  paper,  but  it  unites  with  acids  forming  salts, 
of  which  the  nitrate  and  oxalate  are  insoluble  and  characteristic; 
lime  and  the  alkalies  decompose  it  when  assisted  by  heat,  and 
there  is  formed  a  carbonate  of  the  base  ;  ammonia  being  evolved. 
By  putrefaction,  all  the  urea  of  urine  disappears,  being  converted 
by  union  with  water  into  carbonate  of  ammonia,  which  abounds 
in  old  urine,  and  gives  it  a  pungent  odor.  This  change  is  brought 
about  by  the  action  of  the  small  amount  of  mucus  voided  with  the 
urine,  which,  becoming  oxydized  by  exposure  to  the  air,  acts  as  a 
ferment. 

Urea  in  the  larger  animals,  is  the  product  of  the  changes  occur- 
ring in  the  proteine  matters  of  the  body.  The  nature  of  this 
chano-e  has  been  stated  to  be  similar  to  eremacausis.  Carbon  is 
rendered  carbonic  acid,  hydrogen  converted  into  water,  and  now 
we  find  that  a  portion  of  the  nitrogen  is  changed  into  cyanic  acid 
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(C2N,0)  by  oxydation  ;  another  portion  becoming  ammonia,  and 
uniting  with  the  cyanic  acid  to  form  urea  (cyanate  of  oxide  of 
ammonium).  This  passes  off  by  the  kidneys  chiefly,  but  a  small 
portion  appears  to  be  exuded  by  the  skin.  It  is  generally  believed 
that  the  urea  exists  ready  formed  in  the  blood,  and  is  merely 
drained  off.  In  Bright's  disease,  where  there  is  granular  disor- 
ganization of  the  kidney,  urea  accumulates  in  the  blood  to  a  great 
extent;  this  also  occurs  in  cholera. 

The  amount  of  urea  depends  upon  the  waste  of  nitrogenized 
matters,  and  the  food. — In  violent  inflammatory  fevers  its  propor- 
tion rises  in  fluid  urine,  from  39  parts  in  1000  to  47  parts,  whereas 
it  falls  to  22  in  asthenic  diseases,  chlorosis  and  dropsies.  Dr. 
Percy  has  shown  that  it  increases  with  exercise,  for  in  these 
cases  there  is  increased  waste  of  the  muscles  ;  he  observed  an 
increase  of  upwards  of  one-fifth  in  the  urine  of  a  pedestrian 
undergoing  the  process  of  training.  Lehmann  and  Simon  concur 
in  this  result. 

The  quantity  of  urea  rises  in  the  urine  from  infancy  to  man- 
hood and  declines  with  age;  it  is  also  greater  in  men  than  women 
during  the  same  periods  of  life. 

Lehmann  has  instituted  a  series  of  experiments  on  himself,  to 
determine  the  connection  between  the  food,  and  the  composition  of 
the  urine.  The  results  of  his  researches  are  as  follows;  the  num- 
bers represent  the  actual  amounts  of  the  constituents  of  urine 
discharged  in  a  day  in  grains  : 

Urine.  Mixed  diet.  Animal  diet.   Vegetable  diet.  Dlel  °f  starch> 

°  sugar  and  oil. 

Solid  constituents  1044  5  1347.0  912.3  641.8 

Urea  499.5  819.3  346.1  237.3 

Uric  acid  18.0  22.8  15.7  8.0 

Extractive  and  organic  matters  203.4  113.5  295.3  272.1 

The  urine  of  the  herbi  vora  readily  becomes  alkaline,  and  contains 
less  urea  than  that  of  man  and  the"  carnivora,  and  is  also  charged 
with  hippuric  and  other  organic  acids.  But  it  is  a  very  inte- 
resting fact,  as  discovered  by  Barreswil  and  Bernard,  that  the 
urine  of  starving  herbivorous  animals  becomes  identical  with 
that  of  the  carnivora;  abounding  in  urea,  evidently  produced 
from  the  metamorphoses  of  their  azotized  tissues.  On  the  other 
hand,  Scherer  has  found  that  a  girl  living  on  apples  exclusively, 
voided  urine  which  abounded  in  hippuric  acid,  and  was  turbid  and 
otherwise  similar  to  that  of  herbivorous  animals. 

Uric  Acid  is  found  only  in  small  quantities  in  the  urine  of  man 
and  the  carnivora;  it  is  absent  from  that  of  the  herbivora,  but 
abounds  in  the  urine  of  serpents  and  birds.  It  becomes  less  in 
man  under  the  influence  of  exercise  and  vegetable  food,  and 
increases  in  sthenic  inflammations   and   in   persons  of  slothful 
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habits— hence,  its  appearance  in  excess  in  the  urine  of  those 
suffering  from  gout.  The  normal  appears  to  be  about  1.1  in  a 
thousand  parts  of  urine,  but  it  may  be  increased  to  5  or  6  parts. 

Uric  or  hthic  acid  is  a  glistening  white  powder,  tasteless,  ino- 
dorous, and  almost  insoluble  in  cold  water,  and  but  slightly  soluble 
in  the  boiling  fluid.  Under  the  microscope,  it  appears  as  minute 
crystalline  scales.  It  is  a  constituent  of  the  red  sediment  of  the 
urine,  being  stained  by  a  red  coloring  matter  (uro-erythrine);  of 
many  urinary  calculi  being  either  pure  or  combined  with  ammo- 
nia as  urate  of  ammonia;  and  of  gouty  concretions,  which  con- 
tain urate  of  soda. 

It  is  insoluble  in  ether  and  alcohol,  but  dissolves  in  dilute  nitric 
acid  with  the  evolution  of  carbonic  acid  and  nitrogen.  This 
solution,  when  evaporated,  acquires  a  pink  color,  which,  on  the 
addition  of  ammonia  in  excess,  changes  to  a  purple-red  (murexide, 
purpurate  of  ammonia).  These  changes  are  characteristic  of 
uric  acid. 

The  formula  for  uric  acid  is  C]0H4N4O6;  but  these  elements  do 
not  appear  to  be  united  together  with  the  same  force,  for  the  com- 
pound is  readily  split  up  into  a  variety  of  products  by  oxydation, 
among  which  urea  is  often  produced.  Hence,  Liebig  regards  it 
as  a  compound  of  urea  with  a  compound  radical  called^Uryle  (Ur) 
or  cyan-oxalic  acid.     Or 

C10H4N4O6=C2H4N2O2+2(C4NO2)  or  2  Uryle. 

When  uric  acid  is  boiled  with  water  and  the  peroxide  of  lead, 
it  is  resolved  into  one  atom  of  urea,  an  atom  of  allantoin  and 
2  atoms  of  hydrated  oxalate  of  lead.  In  this  case,  the  urea  of  the 
above  formula  is  set  free,  and  the  two  atoms  of  uryle  combining 
with  water  and  oxygen  derived  from  the  lead,  become  divided 
into  allantoin  and  oxalic  acid.  The  allantoin  or  allantoic  acid 
thus  produced,  is  identical  with  the  principal  ingredient  of 
the  allantoic  fluid  of  the  calf.  It  may  be  obtained  in  fine  rhom- 
boidal  crystals  from  this  excretion,  and  consists  of  C4H3N203. 
Allantoin  is  converted  by  heat,  and  the  alkalies  or  acids  into 
oxalate  of  ammonia.  Hence  we  perceive  a  relation  between 
uric  acid,  urea,  and  oxalic  acid,  which  last  is  a  product  of  dis- 
eased urine. 

Other  interesting  bodies  are  obtained  by  the  oxydation  of  uric 
acid,  the  principal  of  which  are  alloxan,  parabanic,  oxaluric  and 
oxalic  acids.  The  following  scheme  shows  the  order  of  these 
changes  and  how  uric  acid  passes  into  urea  by  the  addition  of 
oxygen  and  water : 

Uric  acid-f-4HO-f-02=2  atoms  of  urea-(-3  atoms  of  oxalic  acid 
Uric  acid-f-2HO-)-04=2  atoms  of  urea-j- parabanic  acid-f^Co^ 
Uric  acid-f-4HO-f-04=2  atoms  of  urea-j-oxaluric   acid  -j-2Co2 
Uric  acid-f-4HO-i-06=2  atoms  of  urea-j-6  atoms  of  carbonic  acid 
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Hence,  by  the  addition  of  water  and  oxygen,  to  uric  acid,  in  the 
functions  of  the  body,  oxalic  acid  may  be  generated,  and  it  may  lay 
the  basis  for  the  mulberry  calculus — again,  as  we  have  already 
stated,  by  vigorous  exercise  the  uric  acid  of  urine  diminishes, 
being  converted  into  urea  and  carbonic  acid  by  the  action  of  in- 
spired oxygen.  The  active  beasts  of  prey  void  urea  only,  the 
inactive  tortoise  and  serpent  uric  acid  alone. 

These  changes  are  interesting  in  investigating  the  origin  of 
stone  in  the  bladder,  for,  as  will  be  understood,  whatever  dimin- 
ishes the  supply  of  oxygen  to  the  blood,  as  slothfulness  or  chronic 
inflammation — in  which  changes  occur  too  rapidly  in  a  part,  and 
out  of  proportion  to  the  supply  of  oxygen — will  generate  uric  acid 
in  the  place  of  urea.  On  the  other  hand,  excessive  exercise,  with 
a  deficiency  of  food,  will  lead  to  the  production  of  oxalic  acid  cal- 
culus, especially  in  those  parts  of  the  country  where  water  im- 
pregnated with  lime,  is  ordinarily  used. 

Hippuric  Acid  is,  by  Liebig,  regarded  a  normal  constituent  of 
human  urine,  but  this  is  not  certain.  The  quantity  is,  moreover, 
small,  but  in  the  urine  of  the  herbivora,  it  is  abundant  in  combi- 
nation with  potash.  It  is  produced  in  man,  by  the  ingestion  of 
benzoic  acid,  to  which  it  is  allied,  and  is  said  to  appear  when  a 
vegetable  diet  is  persisted  in. 

It  occurs  in  long  transparent,  four-sided  crystals,  without  odor, 
and  of  a  faint  bitter  taste.  It  is  freely  soluble  in  alcohol,  less  so 
in  ether,  and  but  to  a  small  extent  in  water.  It  forms  soluble, 
crystallizable  salts,  with  the  alkalies  and  alkaline  earths. 

It  melts  into  a  colorless,  oily  body,  at  a  moderate  heat,  but  at  a 
higher  temperature  is  decomposed  and  resolved  into  benzoic  acid, 
benzoate  of  ammonia,  and  a  small  quantity  of  an  oily  body,  hav- 
ing the  peculiar  odor  of  the  Tonquin  bean. 

The  Saline  Matters  of  the  Urine.— In  healthy  urine,  two,  or 
according  to  some  authors,  three  classes  of  salts  exist — the  sul- 
phates, phosphates  and  lactates;  there  is  also  common  salt,  (chlo- 
ride of  sodium,)  in  variable  proportions.  The  sulphates  are  alka- 
line and  soluble,  they  are  derived  from  metamorphoses  going  on 
in  the  body,  for  some  of  the  proteine  matters  contain  sulphur;  and 
also  directly  from  the  food.  Dr.  Percy  witnessed  an  increase  in 
the  amount  of  sulphates  during  active  exercise. 

The  phosphates  are  highly  interesting.  There  are  phosphates 
of  ammonia,  potash,  soda,  lime  and  magnesia  belonging  to  the 
urine.  These  are  all  tribasic,  and  some  are  double  salts.  The  acid 
reaction  of  urine  depends  upon  the  presence  of  acid  tribasic  phos- 
phate of  soda,  and  the  phosphate  of  lime  and  magnesia  therein, 
are  dissolved  by  this  salt  in  the  fresh  secretion.  But  in  those  dys- 
peptic and  asthenic  diseases,  in  which  the  urine  is  alkaline,  these 
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bodies  are  precipitated,  and  the  fluid  is  voided  in  a  turbid  state,  or 
produces  a  deposit  shortly  after  its  separation  from  the  body. 

Some  remarks  will  be  found  on  the  composition  of  the  phos- 
phates of  the  urine,  at  page  205,  which  renders  it  unnecessary 
for  us  to  enter  further  into  the  subject. 

The  phosphates  are  mainly  produced  by  the  metamorphosis  of 
the  tissues,  but  some  enter  the  body  with  the  food.  The  phos- 
phates of  soda  and  ammonia  are  peculiarly  interesting,  as  derived 
from  changes  transpiring  in  the  muscular  and  nervous  systems. 
Increased  action  in  the  brain  and  nervous  system,  produced  by 
excessive  application  or  disease,  is  attended  with  an  increase  of 
the  phosphates  of  soda  and  ammonia,  and  frequently  with  an 
abundant  deposit  of  phosphate  of  lime  and  magnesia,  which  are 
no  longer  suspended  in  the  urine  by  the  phosphate  of  soda,  in 
consequence  of  its  loss  of  acid  reaction. 

Foreign  Bodies  in  the  Urine. — As  this  secretion  contains  the 
effete  matters  of  the  blood,  it  is  subject  to  considerable  alterations. 
When  the  function  of  the  liver  is  impeded,  the  coloring  matter  of 
the  bile  or  b i I i p h ae i n ,  is  separated  by  the  kidneys.  So  when  the 
mammary  glands  are  first  excited  in  pregnancy,  and  a  small 
amount  of  milk  formed,  it  re-enters  the  blood,  and  is  discharged 
by  the  kidneys,  constituting  the  substance  called  kiestien. 

Kiestien  consists  of  caseous  matter;  it  usually  makes  its  ap- 
pearance in  the  urine  of  pregnant  females  about  the  fourth  month. 
It  appears  as  bulla?,  like  the  small  masses  of  fat  floating  on  cold 
mutton  broth,  from  the  second  to  the  fifth  day  after  the  urine  has 
been  voided.  Dr.  Zimmermann  states  that  it  contains  vibrios. 
It  is  a  good  test  of  pregnancy,  but  may  be  present  whenever 
there  is  a  vicarious  discharge  of  milk  by  the  urine,  owing  to  any 
cause. 

In  diabetes,  a  large  quantity  of  glucose  is  found  in  the  urine, 
which  may  be  tested  by  Trommer's  test  (page  243)  or  by  fer- 
mentation. 

In  organic  diseases  of  the  kidneys,  albumen  is  often  a  consti- 
tuent of  the  urine.  It  is  recognized  by  the  action  of  heat  and 
nitric  acid,  which  coagulate  the  albumen.  The  precipitate  of 
nitrate  of  urea  formed  in  urine,  which  is  highly  concentrated,  is 
not  to  be  mistaken  for  coagulated  albumen  ;  it  differs  in  color  and 
crystalline  appearance. 

Substances,  taken  as  food  and  medicines,  also  change  the  con- 
stitution of  the  secretion.  Several  essential  oils  impart  to  it  a 
peculiar  odor,  whilst  coloring  matters,  as  rhubarb,  madder  and 
other  bodies,  stain  it.  The  vegetable  acids  appear  in  the  urine,  as 
carbonates  of  soda  and  other  bases,  having  become  changed  in  the 
circulation  into  the  carbonic  acid,  and  entering  in  combination  with 
31 
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bases  found  in  the  stomach  and  food.  The  alkaline  org?  to  salts, 
as  the  tartrate  of  soda,  citrate  of  potash,  &c,  also  appe;  t  in  the 
urine  as  carbonates  of  their  respective  bases.  These  substances 
may  be  taken  up  to  such  an  extent  from  food,  or  as  medicines,  as 
to  give  the  urine  an  alkaline  reaction. 

The  alkaline  salts  with  mineral  acids,  as  the  sulphate  of  potash, 
carbonate  of  soda,  phosphate  of  soda,  &c,  appear  in  the  urine 
without  change.  The  haloid  alkaline  salts,  as  the  chloride  of 
sodium,  ferrocyanide  of  potassium,  iodide  of  potassium,  also  ap- 
pear unchanged  in  the  urine.  It  is  to  be  remarked,  however,  that 
these  bodies  do  not  enter  the  absorbents  from  the  stomach  and 
bowels,  except  in  minute  quantities,  and  if  strong  solutions  of 
them  be  administered,  they  may  be  voided  in  the  feces,  or  may 
produce  vomiting  or  purgation. 

Besides  adventitious  saline  matters,  coloring  matters,  essential 
oils  and  other  mineral  bodies,  the  urine  may  contain  abnormal 
bodies,  as  a  blue  coloring  matter  (cyanourine),  resembling  indigo, 
fatty  bodies,  or  it  may  furnish  torulae,  and  other  organized  struc- 
tures. Instead  of  being  acid  and  limpid,  it  may  be  strongly  alka- 
line, turbid,  and  may  even  exhale  a  putrid  odor  in  consequence 
of  the  presence  of  carbonate  of  ammonia. 

The  Sediments  and  Concretions  of  the  Urine. — Calculi  con- 
sist, for  the  most  part,  of  the  same  substances  as  the  sediments  so 
common  in  urine.  They  are  made  up  of  several  kinds  of  materials, 
and  nucleated  about  some  foreign  substance,  as  a  little  blood,  pus 
or  other  body.     The  principal  varieties  are : 

The  Uric  (or  Lithic)  Acid  Calculus. — The  calculus  is  hard,  of 
a  light-yellow  brown  tint,  smooth  or  warty  in  appearance,  dis- 
tinctly concentric,  and  somewhat  crystalline.  It  burns  away  be- 
fore the  blowpipe,  exhaling  an  ammoniacal  odor,  is  soluble  in 
solution  of  potash  with  heat,  and  yields  murexide  when  warmed 
with  nitric  acid,  and  mixed  with  a  little  ammonia. 

Uric  acid  forms  the  principal  portion  of  the  brick  red  or  lateri- 
tious  sediment  of  the  urine  in  fevers;  it  may  be  distinguished  by 
its  crystalline  appearance  under  the  microscope,  and  by  being 
insoluble  when  the  urine  is  heated  or  treated  with  acetic  acid  or 
ammonia.  The  coloring  matter  is  termed  purpurine  or  uro- 
erythrine,  and  is  present  in  very  minute  quantity.  In  these 
cases  the  steady  use  of  alkaline  remedies  has  served  occasionally 
to  dissolve  the  calculus  and  remove  the  gravel. 

Urate  of  ammonia  forms  small  calculi,  and  is  common  as  a 
sediment.  The  calculus  is  made  up  of  concentric  layers,  and  is 
usually  mixed  with  uric  acid  ;  it  is  smooth  or  slightly  tuberculated ; 
the  fracture  is  fine  and  earthy.  It  decrepitates  before  the  blow- 
pipe, evolves  ammonia  when  heated  in  a  solution  of  potash,  and 
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is  solo* .-.  in  solutions  of  the  alkaline  carbonates,  whilst  uric  acid 
is  not  so. 

The  sediment  of  urate  of  ammonia  is  usually  of  a  light  fawn 
color,  amorphous,  and  dissolved  by  heating  the  urine  ;  in  the  latter 
respect  it  differs  from  the  phosphatic  deposits,  which  are  not  dis- 
solved by  heat. 

Phosphate  of  Lime  Calculus.— It  is  uncommon  ;  it  forms  a 
pale  brown,  smooth  calculus,  of  separable  lamina?.  The  calculi 
of  the  prostate  gland  are  of  this  kind.  It  is  common  as  a  sedi- 
ment, and  is  recognized  by  being  insoluble  in  hot  urine  and  am- 
monia, but  readily  soluble  in  acetic  acid. 

Phosphate  of  Ammonia  and  Magnesia — Ammoniaco-Magne- 

sian  Phosphate — Triple  Phosphate This  calculus  is  white,  and 

the  surface  often  presents  minute  crystals  ;  its  texture  is  hard, 
somewhat  compact  and  translucent.  Heated  before  the  blowpipe, 
it  exhales  ammonia,  and  leaves  a  white  residue.  It  is  readily  dis- 
solved by  acids. 

The  phosphate  of  lime  with  phosphate  of  magnesia  and 
ammonia — The  fusible  calculus. — This  is  a  compound  of  the 
preceding  two,  is  very  common,  and  often  attains  a  large  size. 
It  is  whitish,  smooth,  earthy  and  soft.  Before  the  blowpipe  it 
fuses  into  a  bead.     It  is  also  readily  soluble  in  acids. 

Oxcdate  of  Lime  calculus — Mulberry  calculus. — This  is  of  a 
brown  color,  rough  and  warty,  resembling  a  mulberry.  It  is 
very  hard  and  imperfectly  crystalline.  Before  the  blowpipe  this 
calculus  burns  into  a  white  voluminous  ash  of  carbonate  of  lime. 
It  is  easily  soluble  in  nitric  acid. 

Sediments  of  oxalate  of  lime  are  not  uncommon;  they  present 
minute  transparent  octahedral  crystals  under  the  microscope,  are 
not  soluble  in  ammonia,  acetic  acid,  nor  by  heat.  Their  presence 
indicates  a  tendency  to  the  formation  of  urate  of  ammonia. 

Cystic  Oxide — Cystin. — This  is  an  abnormal  body  found 
very  rarely  in  the  form  of  calculus  or  as  a  sediment.  Its  com- 
position is  C6H6N04S2;  hence  it  contains  25.5  percent,  of  sul- 
phur. It  is  neither  acid  nor  alkaline,  is  combustible,  and  exhales  a 
peculiar  odor.  It  dissolves  both  in  acids  and  alkalies.  The  cal- 
culus is  distinctly  crystalline,  and  presents  a  waxy  appearance 
externally. 

The  sediment  is  found  under  the  microscope  to  consist  of  six- 
sided  plates,  and  it  is  distinguished  from  other  sediments  by  its 
solubility  in  ammonia. 

Xanthic  Oxide — Uric  Oxide — Urous  Acid. — This  is  also  a 
peculiar  and  rare  body  not  present  in  normal  urine.  The  calcu- 
lus has  a  brown  surface,  scaly  fracture,  is  brown  interiorly,  and 
acquires  a  resinous  appearance  when  rubbed.  It  is  soluble  in 
alkalies,  but  precipitated  from  them  by  carbonic  acid.  The  com- 
position of  xanthic  oxide  is  CioH4N404,  and  it  differs  from  uric 
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acid  in  containing  two  atoms  less  of  oxygen.     It  also  differs  from 
uric  acid  in  being  insoluble  in  the  alkaline  carbonates. 

Besides  the  preceding  bodies,  carbonate  of  lime,  siliceous  mat- 
ters, and  fatty  matters,  have  been  found  in  calculi.  Several  of 
the  preceding  bodies  are  often  stratified  together. 

THE    NERVOUS    MATTER. 

The  brain  and  nervous  matter  consist  of  a  mixture  of  albumen 
and  peculiar  fats.  One  hundred  parts  contain  about  20  of  solids, 
of  which,  according  to  Fremy,  one-third  is  albumen,  one-third 
fatty  matters,  and  the  rest  saline  and  extractive  bodies.  The  fats 
are  cholesterine,  common  fats,  and  two  which  are  peculiar — the 
cerebric  acid  and  oleophosphoric  acid. 

Cerebric  acid  is  a  white,  crystalline  and  granular  solid ;  it  is 
slightly  soluble  in  water,  to  which  it  imparts  a  gelatinous  appear- 
ance. It  is  a  true  fat  acid,  and  forms  compounds  which  are  for 
the  most  part  insoluble.  It  is  distinguished  from  other  bodies  of 
this  class  by  containing  both  nitrogen  and  phosphorus,  and  is  the 
peculiar  component  of  the  brain  and  nervous  system. 

Its  composition  per  cent.,  according  to  Fremy,  is  as  follows: 


Carbon 

. 

- 

66.7 

Hydrogen 

- 

- 

10.6 

Nitrogen 

- 

• 

2.3 

Oxygen 

- 

- 

19.5 

Phosphorus 

- 

- 

0.9 

100. 

The  amount  of  cerebric  acid  is  much  greater  in  the  vesicular 
portion  of  the  brain  than  in  the  nerves  or  in  the  fibrous  portion. 
L'Heritier  has  also  determined  that  the  amount  of  phosphorus, 
or,  what  is  the  same  thing,  cerebric  acid,  increases  from  infancy  to 
manhood,  and  declines  with  old  age,  and  that  idiots  have  the  least 
amount.  In  infancy  the  amount  is  about  0.8  per  cent,  of  the 
brain  ;  between  15  and  18  it  increases  to  1.6;  in  manhood  it  rises 
to  1.8  and  2,  and  in  old  age  falls  to  1.0  per  cent.  In  idiots, 
it  seldom  exceeds  0.85  per  cent. 

By  combustion  and  the  changes  of  oxydation  in  the  brain,  the 
phosphorus  of  cerebric  acid  is  converted  into  phosphoric  acid. 

Oleophosphoric  acid  is  apparently  a  derivative  of  the  preced- 
ing, and  it  has  been  resolved  into  phosphoric  acid,  and  a  body 
nearly  resembling  olein,  and  termed  cerebroleine.  It  is  in  the 
combined  state  a  soft  oily  body,  soluble  in  alcohol  and  ether.  It 
disappears  very  rapidly  from  the  brain,  and  is  hence  regarded  as 
a  product  of  the  metamorphosis  of  its  constituents,  and  especially 
of  cerebric  acid. 
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There  is  a  singular  connection  between  the  activity  of  the 
nervous  centres,  whether  in  health  or  as  a  result  of  dise'ase,  and 
the  proportion  of  phosphates,  especially  of  soda  and  ammonia,  in 
the  urine.  In  insanity,  myelitis,  and  great  excitement  of  the 
brain,  the  urine  is  either  turbid,  or  soon  precipitates  phosphates. 
It  is  often  alkaline  from  the  presence  of  the  alkaline  tribasic  phos- 
phate of  soda,  and  soon  becomes  ammoniacal  after  emission, 
forming  the  phosphate  of  magnesia  and  ammonia. 

BONES,  HORN,  ETC. 

Bones  consist  of  phosphate  of  lime,  a  small  amount  of  car- 
bonate of  lime  and  phosphate  of  magnesia,  and  animal  matter, 
principally  glutine.  The  following  are  the  proportions,  according 
to  Berzelius,  in  a  specimen  of  human  bone: 


Glutine 32.17 

Vascular  substance     ....  1.13 
Phosphate  of  lime  with  a  little  fluoride 

of  calcium 

Carbonate  of  lime       ....  11.30 

Phosphate  of  magnesia       -         -         -  1.16 

Soda  and  common  salt        ...  1.20 


53.04 


100.00 


But  the  bones  of  the  aged  contain  more  mineral  matter  than 
those  of  the  young,  and  the  hard  bones,  especially  the  enamel  of 
the  teeth,  than  the  spongy  bones. 

Horn,  hair  and  feat hers  are  insoluble  bodies,  consisting  of  gela- 
tine, with  different  amounts  of  saline  matters  ;  but  their  constitution 
is  little  known.  Caustic  potash  with  heat  dissolves  them  all,  with 
the  evolution  of  ammonia,  and  acids  throw  down  a  substance  re- 
sembling proteine. 
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PART  V. 


THE    METALS. 

The  metals  are  those  elementary  bodies,  which  are  usually 
electro-positive  in  their  reaction,  have  a  peculiar  brilliancy,  called 
the  metallic  lustre,  and  are  good  conductors  of  heat  and  elec- 
tricity. There  are  from  42  to  45  of  these  bodies,  which  are 
enumerated  in  the  table  of  equivalents  at  page  135. 

They  have  usually  the  solid  form,  and  a  considerable  specific 
gravity ;  but  potassium,  sodium  and  other  metals,  are  lighter  than 
water,  whilst  mercury  is  fluid. 

Some  possess  malleability,  as  iron,  copper,  gold,  silver,  whilst 
others,  as  antimony  and  arsenic,  are  extremely  brittle. 

Most  of  them  possess  considerable  fixedness  in  the  fire,  and  a 
high  fusing  point,  but  zinc,  arsenic,  cadmium,  mercury,  potassium, 
sodium  and  tellurium,  are  readily  distilled. 

The  metals  readily  unite  with  oxygen  and  the  haloid  bodies, 
and  also  with  each  other.  The  latter  compounds  are  termed 
amalgams  when  mercury  is  present,  and  alloys,  when  this  metal 
is  absent. 

Few  metals  are  found  in  the  native  or  elementary  state  in 
nature,  but  usually  as  oxides,  sulphurets,  arseniurets,  carbonates, 
or  in  other  states  of  combination.  These  are  called  ores,  and  the 
processes  of  metallurgy  are  chiefly  intended  to  separate  the  metal 
from  its  compounds. 

Their  affinity  for  oxygen  differs  widely,  and  as  this  is  an  im- 
portant feature  in  the  chemical  history  of  the  metals,  it  is  custom- 
ary to  group  them,  according  to  their  action  towards  this  body. 

There  are  three  groups:  1st.  Metals  which  decompose  water, 
to  combine  with  its  oxygen  at  common  temperatures,  and  are 
therefore  scarcely  known  in  the  elementary  state  ;  2d.  Metals 
which  decompose  water  at  a  red  heat;  3d.  Metals  which  cannot 
decompose  water  at  all,  and  have,  therefore,  but  an  inferior  degree 
of  activity. 
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1st  Group. 

Potassium, 

Sodium, 

Lithium, 

Barium, 

Strontium, 

Calcium, 

Magnesium. 

2d  Group. 

Aluminum, 

Glucinum, 

Thorium, 

Yttrium, 

Zirconium, 

Lanthanum, 

Cerium, 

Manganese, 

Iron, 

Nickel, 

Cobalt, 

Zinc, 

Cadmium, 

Tin. 

Another  division  is  common,  but  less  perfect,  into:  1st.  Alka- 
line metals,  which  includes  potassium,  sodium  and  lithium — 2d. 
Alkaline  earths,  barium,  strontium,  calcium  and  magnesium — 3d. 
The  true  earthy  metals,  including  the  five  first  bodies  of  the 
above  second  group — 4th.  Imperfect  metals;  and  5th,  the  noble 
metals,  which  are  but  little  acted  on  by  reagents,  and  form  the 
last  seven  bodies  of  the  above  third  group. 

In  the  following  pages  it  is  our  purpose  only  to  direct  the 
attention  of  the  student  to  the  chief  metallic  bodies,  and  not  to 
enter  into  their  chemical  history,  which  is  of  little  importance  to 
the  medical  man.  Nor  do  we  propose  to  detail  all  the  metallic 
salts  of  medicinal  value,  for  these  are  treated  of  at  length  in  the 
works  on  Materia  Medica. 


3d  Group. 

Chromium, 

Vanadium, 

Tungsten, 

Molybdenum, 

Osmium, 

Columbium, 

Titanium, 

Uranium, 

Copper, 

Lead, 

Bismuth, 

Mercury, 

Silver, 

Gold, 

Palladium, 

Platinum, 

Rhodium, 

Iridium. 


POTASSIUM. 

Potassium,  and  the  metals  of  the  first  group,  are  only  obtained 
in  the  elementary  state  by  complicated  processes,  in  consequence 
of  their  intense  affinity  for  oxygen. 

It  is  a  bluish-white  metal,  of  a  silver-like  lustre,  brittle  at  32° 
F.,  but  soft  at  ordinary  temperature.  It  melts  at  150  F.,  and 
boils  at  a  red  heat,  yielding  a  greenish  vapor.     Its  equivalent  is 
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39.26  and  symbol  K.  Its  sp.  gr.  is  .865,  hence  it  floats  on  water ; 
but  it  decomposes  this  fluid,  and  burns  with  a  beautiful  pink 
flame.  It  is  a  body  of  interest  in  the  laboratory  as  a  deoxydizing 
agent,  but  of  no  importance  in  medicine  or  the  arts. 

It  forms  two  oxides ;  KO,  the  protoxide,  which  is  the  basis  of 
caustic  potash ;  and  K03,  the  peroxide,  which  is  scarcely  known. 
It  also  combines  with  great  facility  with  sulphur,  chlorine,  phos- 
phorus and  the  haloid  bodies  generally,  forming  substances  which 
are  often  of  considerable  interest  in  the  arts  and  medicine.  Some 
of  these  have  been  noticed  in  the  articles  on  the  haloid  bodies. 

The  hydrated  oxide  of  Potassium — Caustic  Potash;  KO-f 
HO. — Although  potassium  combines  with  oxygen  so  readily,  the 
oxide  is  scarcely  known,  for  if  water  be  present,  it  instantly  unites 
with  it  and  forms  the  hydrated  oxide  or  caustic  potash. 

Caustic  potash  is  a  white,  slightly  translucent  solid,  having  an 
intense  affinity  for  water,,  and  disorganizing  animal  tissues  to 
combine  with  it.  It  has  a  soapy  feel  and  is  eminently  alkaline. 
It  neutralizes  the  acids,  discolors  turmeric,  and  restores  the  color  of 
reddened  litmus.  It  unites  with  the  carbonic  acid  of  the  atmo- 
sphere, becoming  carbonate  of  potash  if  left  exposed.  The  source 
of  this  body  is  the  ashes  of  plants,  which  derive  it  from  the  soil. 

Nearly  all  its  salts  are  soluble  in  water,  but  an  excess  of  tarta- 
ric acid  precipitates  it  as  cream  of  tartar,  or  the  bitartrate  of  potash. 
The  bichloride  of  platinum,  and  perchloric  acid  also  precipitate 
it  from  its  compounds,  when  they  are  in  the  concentrated  state. 

Caustic  potash  is  used  as  an  escharotic,and  in  dilute  solution  as 
an  antacid,  and  in  irritable  states  of  the  gastro-enteric  membrane. 
In  the  laboratory  it  is  employed  as  a  powerful  solvent  and  cataly- 
tic agent,  especially  towards  organic  bodies. 

The  salts  of  oxide  of  potassium  ;  The  salts  of  potash. — The 
carbonate  of  potash  is  the  principal  constituent  of  commercial 
pearlash ;  it  has  a  disagreeable  alkaline  taste,  a  soapy  feel,  and  is 
deliquescent.  There  is  a  second  carbonate,  called  the  bicarbonate, 
formed  by  passing  a  stream  of  carbonic  acid  through  a  solution 
of  the  above.  The  sulphate  of  potash  is  anhydrous,  saline,  and 
crystallizes  in  four-sided  prisms.  There  is  also  an  acid  sulphate 
called  the  bisulphate  of  potash. 

Nitrate  of  potash,  or  common  nitre,  is  obtained  in  an  impure 
state,  as  an  exudation  on  the  surface  of  the  earth  in  India  and 
elsewhere.  When  pure,  it  forms  anhydrous  six-sided  prisms, 
which  have  a  cooling  saline  taste.  It  is  extensively  employed  as 
a  refrigerant  and  diuretic  in  medicine;  and  in  the  arts,  for  the 
manufacture  of  gunpowder,  nitric  and  sulphuric  acids. 

The  bitartrate  of  potash,  or  cream  of  tartar,  and  the  citrate  and 
tartrate  are  employed  as  refrigerants,  and  in  large  doses  are 
laxative. 
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SODIUM. 


Sodium  nearly  resembles  potassium,  but  is  of  a  brighter  color, 
and  does  not  inflame  spontaneously  on  water.  If  the  water  be 
heated,  it  burns  with  a  rich  yellow  flame,  which  is  characteristic 
of  this  body  and  its  compounds.  Its  symbol  is  Na,  and  equiva- 
lent 23.3.  *  ^ 

Sodium  unites  with  oxygen  with  great  avidity.  It  forms  three 
compounds,  of  which  NaO,  or  oxide  of  sodium  or  soda,  is  the  most 
important.  But  like  potash,  this  is  scarcely  known,  except  in  the 
hydrated  state. 

Hydrated  Oxide  of  Sodium — Caustic  Soda;  NaO+HO.— 
This  resembles  potash,  but  is  milder.  It  is  deliquescent,  and  ab- 
sorbs carbonic  acid  from  the  air,  becoming  converted  into  the 
carbonate  of  soda.  Soda  is  derived  from  sea  weeds,  and  by  the 
decomposition  of  common  salt. 

The  salts  of  soda  may  be  formed  by  bringing  the  acids,  &c,  in 
contact  with  this  body,  or  with  the  carbonate.  They  are  all 
soluble,  and  usually  much  milder  than  the  corresponding  com- 
pounds of  potash. 

Chloride  of  Sodium,  or  common  salt  (NaCl),  is  one  of  the  most 
important  saline  bodies.  It  belongs  to  the  class  termed  haloid 
salts,  being  a  compound  of  two  elements,  and  not  of  an  acid  and 
oxydized  base.  To  the  same  class  belong  the  iodides,  bromides, 
cyanides,  &c. 

It  abounds  in  the  sea  and  saline  springs,  and  is  also  found  in 
mines,  as  rock  salt.  When  pure,  it  crystallizes  in  translucent 
cubes,  is  without  water  of  crystallization,  and  fuses  at  a  red  heat. 
Its  taste  is  well  known.  It  is  not  more  soluble  in  hot  than  cold 
water,  this  menstruum  dissolving  about  33  per  cent,  of  the  salt. 
Its  antiseptic  properties  make  it  an  essential  body  to  the  human 
family;  it  is  also  used  as  food,  and  in  chemical  manufactures. 
Salt  is  a  speedv  emetic,  acting  in  doses  of  half  an  ounce,  and  as  a 
laxative  in  the  "dose  of  a  drachm,  dissolved  in  a  small  quantity  of 

water. 

Salts  of  Oxide  of  Sodium-,  Salts  of  Soda.— Carbonate  oj 
Soda  is  obtained  from  the  ashes  of  sea  weeds,  and  by  the  de- 
composition of  common  salt.  It  is  extensively  used  as  the  basis 
of  soaps.  In  the  pure  state  it  forms  rhombic  octahedrons,  efflor- 
esces in  the  air,  is  very  soluble,  and  has  an  alkaline  taste.  The 
bicarbonate,  which  is  used  in  medicine,  is  made  by  transmitting 
a  current  of  carbonic  acid  through  the  solution  of  the  preceding. 

Sulphate  of  Soda,  or  Glauber's  salts,  forms  prismatic  crystals ; 
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it  effloresces  in  the  air,  is  bitter  and  purgative.     Nitrate  of  Soda 
nearly  resembles  nitre,  but  is  rather  deliquescent. 

LITHIUM. 

Lithium  is  a  rare  metal,  resembling  both  in  the  elementary 
state,  and  in  its  compounds,  sodium.  Its  compounds  yield  a  red 
flame,  when  heated  before  the  blowpipe,  and  its  carbonate  is  only 
sparingly  soluble.     Its  symbol  is  L,  and  equivalent  6.4. 


BARIUM. 

Barium  is  a  metal  resembling  cast  iron  in  appearance,  but  not 
permanent  in  the  air.  Its  symbol  is  Ba,  and  equivalent  68.7.  It 
belongs,  along  with  calcium,  strontium,  and  magnesium,  to  the 
alkaline  earths,  which  neutralize  bases,  and  discharge  the  colors  of 
vegetables,  but  differ  from  the  alkalies,  in  the  sparing  solubility 
of  their  oxides  and  salts. 

The  protoxide  (BaO)  forms  a  hydrate,  which  is  termed  bary- 
tes;  it  is  acrid  and  somewhat  caustic.  The  salts  are  not  used  in 
the  arts.  The  sulphate  is  a  common  mineral,  called  heavy  spar, 
and  is  employed  to  adulterate  white  lead.  The  soluble  salts  of 
barytes  are  irritant  poisons ;  their  antidote  is  sulphate  of  soda. 
The  nitrate  yields,  when  burnt,  a  green  flame. 

STRONTIUM. 

Strontium  is  closely  allied  with  barium.  Its  symbol  is  Sr,  and 
equivalent  43.8.  The  sulphate  is  not  so  insoluble  as  the  sulphate 
of  barytes,  and  its  nitrate  yields,  when  burnt  with  charcoal,  a  rich 
red  flame. 


CALCIUM. 

Calcium  is  scarcely  known  as  a  metal.  Its  symbol  is  Ca,  and 
equivalent  20.5.     It  is  the  basis  of  lime,  which  is  the  protoxide. 

The  Protoxide  of  Calcium  (CaO),  or  lime,  is  obtained  in  large 
quantities,  by  burning  marble,  chalk,  and  limestone,  which  are 
carbonates  of  lime.  The  shells  of  oysters,  lobsters,  and  shell  fish, 
also  yield  it  when  burnt. 

When  recent,  it  is  termed  quick  or  caustic  lime,  and  is  very 
active,  but  by  exposure  to  the  air  or  the  action  of  moisture,  it 
becomes  milder,  and  changes  more  or  less  completely  into 
slaked  or  hydrated  lime.     Lime  is  slightly  soluble,  and  the  sola- 
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tion,  termed  lime-water,  has  an  alkaline  taste,  and  is  a  good  test, 
and  antacid  medicine.  By  exposure  to  the  air,  lime  absorbs  car- 
bonic acid,  whether  solid  or  in  solution,  and  becomes  resolved  into 
carbonate  of  lime,  losing  its  caustic  properties. 

Solutions  of  lime,  or  its  salts,  are  readily  known  by  the  action 
of  oxalic  acid,  or  oxalate  of  ammonia,  which  throws  down  the 
white  insoluble  oxalate  of  lime. 

The  Chloride  of  Calcium,  is  a  very  deliquescent  body,  and 
employed  in  the  laboratory  for  the  purpose  of  drying  gases,  and 
in  organic  analysis.  The  fluoride  is  the  beautiful  mineral,  called 
Derbyshire  or  fluor  spa. 

Salts  of  the  Protoxide  of  Calcium;  Salts  of  Lime. — The  car- 
bonate is  an  abundant  mineral,  being  the  sole  or  principal  ingre- 
dient in  the  varieties  of  marble,  limestone,  and  chalk.  It  is  in- 
soluble in  pure  water,  but  is  slowly  dissolved  by  that  which 
contains  carbonic  acid.  The  carbonate  yields  its  carbonic  acid, 
when  acted  on  by  most  acids,  and  also  by  heat.  When  chalk  is 
prepared  by  washing,  it  forms  the  creta  preparata  of  pharmacy, 
and  is  a  good  antacid. 

The  Sulphate  of  Lime,  gypsum,  or  plaster  of  Paris,  is  a  com- 
mon mineral.  It  occurs  in  clear  crystals,  usually  in  tables  de- 
rived from  the  rhombic  prism,  and  also  as  a  white  massive  body. 
It  is  sparingly  soluble  in  water.  When  calcined  it  loses  water, 
and  becomes  plaster  of  Paris,  acquiring  the  property  of  setting 
into  a  solid  with  water,  and  is  hence  used  to  obtain  casts.  It  is 
much  employed  in  agriculture,  as  a  source  of  sulphates  to  plants. 

Phosphate  of  Lime  exists  in  bones,  in  the  urine,  and  other 
animal  substances,  as  well  as  in  the  seeds  of  plants.  This  is  a 
tribasic  phosphate.     It  is  soluble  in  the  acids,  but  not  in  water. 

Bleaching  Powder,  usually  called  chloride  of  lime,  is  made  by 
bringing  hydrate  of  lime  in  contact  with  chlorine.  It  is  a  white 
powder,  having  a  slight  odor  of  the  gas,  and  exhaling  it  freely 
when  moistened  with  an  acid  solution.  It  is  a  valuable  disin- 
fecting agent. 

MAGNESIUM. 

Magnesium  is  a  white,  malleable  metal,  which  melts  at  a  red 
heat,  and  readily  oxydizes,  forming  the  protoxide  or  magnesia. 
Its  symbol  is  Mg,  and  equivalent  12.7. 

Protoxide  of  Magnesia— Calcined  Magnesia;  MgO.— It  is  a 
white,  light  powder,  and  sparingly  soluble.  It  is  procured  by 
heating  the  common  carbonate  to  redness. 

It  is  slightly  alkaline  in  its  reaction,  and  neutralizes  the  acids 
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perfectly,  forming  an  extensive  class  of  salts,  most  of  which  are 
soluble. 

It  is  distinguished  by  the  solubility  of  its  sulphate,  and  in  blow- 
pipe analysis,  by  imparting  to  a  small  quantity  of  the  chloride  of 
cobalt  a  pink  tint. 

Salts  of  the  Protoxide;  Salts  of  Magnesia. — The  carbonate 
is  a  common  mineral;  it  forms  a  very  light,  sparingly  soluble, 
white  powder.  It  dissolves  freely  in  a  solution  of  carbonic  acid, 
and  may  be  used  in  this  form  in  medicine.  All  the  salts  of  mag- 
nesia may  be  obtained  by  saturating  this  body.  It  is  much  used 
in  medicine,  as  an  antacid  and  laxative. 

The  Sulphate  of  Magnesia  is  common  Epsom  salts.  It  is  ob- 
tained by  neutralizing  the  native  carbonate  by  sulphuric  acid.  It 
crystallizes  in  four-sided  prisms,  which  have  a  disagreeable  bit- 
ter-sweet taste,  and  dissolve  in  about  their  weight  of  water.  The 
phosphate  of  magnesia  and  ammonia  is  found  in  decaying  urine, 
and  forms  a  variety  of  calculus. 

ALUMINUM. 

Aluminum  has  been  procured,  in  small  quantity,  as  a  gray 
powder,  which  melts  below  a  red  heat,  and  takes  fire  in  the  air, 
burning  into  the  sesquioxide  or  alumina.  Its  symbol  is  Al,  and 
equivalent  13.7. 

Alumina,  or  the  sesquioxide  (A1203),  is  the  basis  of  clay,  and 
the  principal  constituent  in  granite,  slate,  and  the  varieties  of 
earthenware.  In  the  pure  state,  it  is  a  white,  insoluble  body, 
which  neutralizes  acids. 

Its  principal  salts  are  alum,  which  is  a  sulphate  of  alumina  and 
potash,  and  the  acetate,  which  is  employed  in  dyeing  as  a  mor- 
dant. 

Glucinum,  Thorium,  Yttrium,  Zirconium,  Lanthanum  and 
Cerium  are  bodies  scarcely  known;  they  are  found  only  in  a  few 
rare  minerals,  and  have  not  been  employed  in  the  arts  or  medi- 
cine. 


MANGANESE. 

This  is  a  white  metal,  obtained  with  some  difficulty  from  its 
ores,  and  rapidly  oxydizing  in  the  air.  Its  sp.  gr.  is  8.013,  and 
it  is  very  infusible.     Its  symbol  is  Mn,  and  equivalent  27.7. 

It  forms  seven  oxides,  of  which  the  protoxide  (MnO),  is  of  a 
green  color  and  basic,  forming  numerous  salts — the  peroxide 
(Mn03)  is  a  common  black  mineral,  called  in  commerce,  black 
oxide  of  manganese;  it  is  much  used  in  the  arts,  as  a  source  of 
oxygen  and  in  the  preparation  of  chlorine.     When  heated,  the 
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peroxide  loses  oxygen,  and  becomes  converted  in  the  sesquioxide 
(Mn2Os),  which  is  basic,  and  isomorphous  with  the  sesquioxide 
of  iron.  Two  of  its  oxides,  manganic  (Mn205),  and  permanganic 
acid  (Mn20_),  have  the  properties  of  acids,  and  unite  with  the 
alkalies  and  other  bases.  The  manganate  of  potash  is  termed 
the  mineral  chameleon,  from  the  changes  in  color  which  its  solu- 
tion undergoes  when  exposed  to  the  air.  It  is  first  green,  then 
purple,  blue,  and  finally  red. 

The  salts  of  the  protoxide  of  manganese  have  a  reddish  color 
usually;  they  are  little  known.  The  protosulphate  is  used  in 
dyeing,  for  the  production  of  a  brown  color. 


IRON. 

Iron  is  found  in  meteoric  stones,  and  to  a  small  extent,  native ; 
but  more  commonly  in  the  state  of  oxide,  carbonate,  and  sul- 
phuret. 

The  most  abundant  ore  is  termed  the  clay  iron  ore ;  this  is  re- 
duced, by  carbonaceous  matter  and  lime,  in  a  smelting  furnace. 
The  first  product  of  the  reduction  is  impure  or  cast  iron,  which 
contains  silicious  and  other  impurities,  and  from  three  to  five  per 
cent,  of  carbon.  It  is  brittle,  and  much  harder  than  pure  or  soft 
iron. 

Soft  or  malleable  iron  is  obtained  from  the  preceding  by  expos- 
ing it  in  the  melted  state  for  some  time  to  the  action  of  the  air 
of  the  flue  in  a  reverberatory  furnace;  by  this  means  the  carbon 
is  burnt  out.  The  metal  changes  in  color,  loses  its  crystalline 
appearance,  and  becomes  exceedingly  malleable,  ductile  and  tough. 
Its  sp.  gr.  is  7.7,  and  may  be  slightly  increased  by  hammering. 
Its  symbol  is  Fe  (from  ferrum)  and  equivalent  27.18. 

Pure  iron  is  obtained  as  a  fine  dark  powder  by  passing  a  stream 
of  hydrogen  gas  through  a  solution  of  the  proto-salts.  In  this 
state  it  can  be  inflamed  when  dry,  by  a  red  heat,  and  burns  with 
brilliant  scintillations.  This  form  has  been  introduced  as  a  medi- 
cine, and  is  exhibited  in  pills  made  up  with  syrup  as  a  mild 
chalybeate.  It  is  preferable  to  the  old  preparation  of  iron  scales 
from  the  forge. 

Steel  is  made  by  heating  alternate  strata  of  charcoal  and  plates 
of  iron,  or  by  causing  carburetted  hydrogen  to  act  on  the  fused 
metal.  It  possesses  remarkable  elasticity,  when  cooled  suddenly, 
is  more  fusible  than  soft  iron,  and  brittle.  It  contains  about  1.5 
per  cent,  of  carbon. 

Oxides. — Iron  soon  rusts  in  moist  air,  and  is  otherwise  subject 
to  oxydation.  There  are  four  oxides,  the  protoxide  (FeO),  which 
is  basic  and  exists  in  numerous  salts  of  iron — the  black  oxide, 


374  THE  COMPOUNDS  OF  IRON. 

(Fe304),  which  is  magnetic,  and  forms  the  natural  loadstone ;  it  is 
supposed  to  be  a  mixture  of  the  protoxide  and  peroxide;  this 
is  also  found  in  the  scales  of  the  Smith's  forge,  and  has  been 
used  as  a  chalybeate.  The  sesquioxide  or  peroxide  (Fe203),  which 
abounds  in  rust,  and  may  be  precipitated  from  the  persalts  of  iron 
as  a  brown  magma  by  the  action  of  the  alkalies ;  this  is  the 
hyd rated  peroxide  used  as  an  antidote  to  arsenious  acid.  Lastly, 
ferric  acid  (Fe03),  which  is  obtained  in  combination  with  potash 
by  heating  the  sesquioxide  with  nitrate  of  potash,  by  which  there 
is  formed  ferrate  of  potash ;  this  is  instable,  and  the  acid  has  not 
been  separated. 

There  are  also  chlorides,  iodides,  bromides  and  sulphurets  of 
iron.  The  protochloride  (FeCl)  is  an  exceedingly  soluble  green- 
ish-yellow crystalline  and  deliquescent  body,  of  a  styptic  taste,  and 
used  in  medicine  as  a  chalybeate  under  the  name  of  muriate  of 
iron.  The  protiodide  of  iron  (Fel)  is  an  esteemed  prepara- 
tion in  scrofulous  diseases ;  it  is  readily  made  by  digesting  toge- 
ther iron  wire  in  tincture  of  iodine.  It  is  a  pale  green  crystalline 
body,  but  very  deliquescent  and  soluble,  and  becoming  changed 
by  exposure  in  the  air  to  the  periodide,  which  is  of  a  brown  color. 

The  proto sulphur et  of  iron  (FeS)  is  a  brown  brittle  solid,  made 
by  heating  together  scraps  of  iron  and  sulphur.  It  is  insoluble 
and  used  in  the  preparation  of  sulphuretted  hydrogen.  The 
bisulphuret  is  an  abundant  mineral  product  called  iron  pyrites. 
It  crystallizes  in  octahedrons  and  figures  derived  from  it,  and  has 
a  rich  metallic  color  like  brass.  Prussian  blue  is  a  ferrocyanide 
of  peroxide  of  iron. 

The  sails  of  the  oxides  of  iron. — The  protosulphate  of  iron 
is  the  green  vitriol  or  copperas  of  commerce.  It  crystallizes  in 
oblique  prisms  of  a  green  color,  which  effloresce  and  become 
changed  into  the  persulphate  by  exposure  to  air  and  moisture. 
It  is  a  styptic  and  emetic  body,  and  is  but  little  used  in  medicine. 
In  the  arts  and  in  dyeing,  it  is  extensively  employed. 

The  prolocarbonate  of  iron  is  a  whitish  insoluble  body  pro- 
cured by  the  action  of  potash  or  soda  on  a  solution  of  the  proto- 
sulphate. It  is  a  useful  chalybeate,  but  readily  changes  when 
exposed  to  moisture  and  air.  This  body  is  present  in  ferrugi- 
nous springs,  being  suspended  by  carbonic  acid  in  a  solution  of 
which  it  is  soluble.     It  also  abounds  in  the  clay  iron  ores. 

The  principal  persalts  are  the  nitrate,  peracetate  and  persul- 
phate.    These  are  used  in  dyeing. 

Solutions  of  the  protosalts  of  iron  yield  a  white  precipitate 
with  the  ferrocyanide  of  potassium  (yellow  prussiate  of  potash), 
which  becomes  blue  by  exposure  to  the  air;  in  the  persalts,  this 
precipitate  is  blue  (Prussian  blue)  at  first.  Infusion  of  galls,  and 
other  forms  of  tannic  acid,  strike  a  blue-black  color,  which  is  the 
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basis  of  common  writing  ink.  The  protosalts  in  solution  or  in 
damp  air  absorb  oxygen,  and  become  converted  into  persalts,  hence 
there  is  much  difficulty  in  preserving  them  ;  in  pharmacy,  this  is 
partially  accomplished  by  the  aid  of  sugar. 

NICKEL. 

Nickel  is  a  white  malleable  metal,  requiring  a  high  heat  for 
fusion.  It  is  magnetic,  and  has  a  sp.  gr.  of  8.5.  It  is  little 
used  except  as  a  constituent  of  German  silver.  Its  symbol  is  Ni, 
and  equivalent  29.6.     Its  salts  have  a  characteristic  green  color. 

COBALT. 

Cobalt  is  a  white  brittle  metal,  very  infusible,  and  sp.  gr.  8.5. 
Its  symbol  is  Co,  and  equivalent  29.5.  The  pure  metal  is  not 
used,  but  its  oxide  is  of  value  as  a  blue  coloring  material  for  glass 
and  earthenware  goods. 

The  chloride  yields  a  pink  solution,  which  may  be  used  as  a 
sympathetic  ink;  when  written  on  a  pinkish  paper,  it  is  invisible, 
but  turns  of  a  rich  green  color  as  often  as  it  is  warmed  before 
the  fire. 


ZINC. 

Zinc  abounds  in  nature  as  a  sulphuret  (zinc  blende)  and  sili- 
cate. The  metal  is  of  a  bluish  gray;  it  melts  below  redness,  and 
burns  at  a  red  heat  into  the  white  oxide.  It  distills  over  in  a 
closed  vessel  at  a  high  temperature.  Its  specific  gravity  is  7.00. 
It  is  crystalline  and  brittle  at  ordinary  temperatures,  but  becomes 
malleable,  and  can  be  rolled  at  300°  F.  It  is  much  used  as  an 
alloy  with  copper  and  other  metals,  and  in  the  metallic  state  for 
roofs.     Its  symbol  is  Zn,  and  equivalent  32.3. 

The  oxide  (ZnO)  is  a  white  insoluble  powder;  it  is  basic,  and 
forms  colorless  salts,  of  which  the  sulphate  of  zinc,  white  vitriol, 
is  the  principal.  This  crystallizes  in  colorless  prisms  with  six 
equivalents  of  water  of  crystallization;  it  is  very  soluble,  has  a 
severe  styptic  taste,  and  reddens  litmus  paper.  It  is  one  of  the 
most  active  emetics  known  in  doses  of  gr.  x  to  gr.  xv. 

The  chloride  of  zinc  is  a  butyraceous  solid;  it  is  used  in  sol- 
dering. 

CADMIUM. 

Cadmium  resembles  tin,  but  is  nearly  as  volatile  as  mercury. 
It  is  not  put  to  any  use;  its  symbol  is  Cd,  and  equivalent  55.8. 
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TIN. 

It  is  found  in  nature  somewhat  sparingly  as  an  oxide.  The 
metal  is  white  like  silver,  but  less  lustrous,  and  softer.  It  oxydizes 
superficially  only.  Its  sp.  gr.  is  7.2;  it  melts  at  about  400,  and 
burns  in  the  open  air  at  a  high  temperature  into  an  oxide.  Its 
symbol  is  Sn  (from  Stannum),  and  equivalent  58.9. 

It  is  used  to  protect  iron  from  oxydation  in  the  common  tin 
plate,  and  as  an  alloy  in  solders  and  pewter. 

There  are  three  oxides  of  tin  :  the  protoxide  (SnO),  which  is  a 
black  powder  and  combustible,  changing  into  the  peroxide;  its 
salts  reduce  the  noble  metals,  and  yields  with  the  chloride  of  gold 
a  rich  blue  color  called  the  purple  of  Cassius; — the  sesquioxide 
(Sn2Os)  is  scarcely  known ; — the  peroxide  (Sn02)  has  feeble  acid 
properties,  and  has  been  termed  stannic  acid;  it  is  a  white  pow- 
der ;  fused  with  glass,  it  forms  common  white  enamel. 

There  are  two  chlorides:  the  protochloride  (SnCl),  a  gray  resi- 
nous-looking body  used  as  a  deoxydizing  agent — the  bichloride 
(SnCl2),  formerly  called  the  fuming  liquor  of  Libavius.  It  is  a 
thin  colorless  fluid,  yields  a  colorless  vapor,  which  becomes  of  a 
dense  white  in  moist  air,  and  boils  at  248°  F.  It  is  of  great 
value  as  a  mordant  in  dyeing. 

The  mosaic  gold,  or  aurum  musivum  of  the  electricians,  which 
is  of  great  service  in  exciting  the  electrical  machine,  is  an  impure 
bisulphuret  of  tin.  It  is  prepared  by  exposing  to  a  low  red  heat 
a  mixture  of  12  parts  tin,  6  of  mercury,  and  7  of  sulphur.  There 
remains  a  brilliant,  dark  golden  body  in  scales,  and  of  a  greasy 
feel,  which  is  the  mosaic  gold. 


CHROMIUM. 

Chromium  is  a  hard,  grayish-white,  brittle  metal  of  sp.  gr.  5.9, 
and  exceedingly  infusible.  Its  symbol  is  Cr,  and  equivalent 
28.19.  It  is  not  employed  in  the  metallic  state,  but  its  oxides 
are  used  as  colors. 

The  sesquioxide  (Cr203)  is  of  a  fine  green  color,  and  used  in 
staining  glass — the  second  oxide,  chromic  acid  (Cr03),  is  a  pow- 
erful acid,  isomorphous  with  sulphuric  acid.  It  consists  of  red 
crystals,  which  are  very  deliquescent,  and  are  readily  reduced  by 
organic  and  other  matters  into  the  sesquioxide.  Its  salts  with 
potash  and  lead  are  of  a  fine  orange  color;  the  latter  [chromate  of 
lead)  is  much  used  as  a  pigment.  The  bichromate  of  potash, 
which  has  a  deep  yellow  color,  is  employed  in  dyeing. 
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Vanadium,  Tungsten,  Molybdenum,  Osmium  and  Columbium 
are  rare  metals,  scarcely  known,  and  of  no  practical  value. 


TITANIUM. 


Titanium  is  a  metal  resembling  copper  in  appearance,  but  it  is 
extremely  infusible,  and  not  used  in  the  arts.  It  is  associated 
with  many  iron  ores  in  small  quantities.  Its  symbol  is  Ti,  and 
equivalent  24.3. 

Its  oxide,  titanic  acid  (TiOJ,  is  a  white  insoluble  substance, 
employed  in  coloring  enamels. 

URANIUM. 

Uranium  is  scarcely  known  in  the  metallic  state.  Its  symbol 
is  U,  and  equivalent  217.26°. 

There  are  three  oxides  :  the  protoxide  (UO),  formerly  supposed 
to  be  the  metal ;  this  is  a  brown  powder,  and  possesses  basic  pro- 
perties ; — the  black  oxide  (U405) ;  this  is  black,  and  is  used  to  give 
a  black  color  to  porcelain ; — the  peroxide  (U203)  is  of  a  yellow 
color  when  hydrated ;  it  forms  fine  yellow  salts,  and  is  used  to 
strike  this  color  in  glass  and  porcelain  staining. 

COPPER. 

The  ores  of  copper  are  abundant,  especially  the  oxide,  car- 
bonate and  sulphuret;  native  copper  is  also  common,  especially 
in  the  north-western  territory. 

In  its  reduction,  the  first  object  is,  by  roasting  in  the  open  air, 
to  convert  the  copper  of  the  ore  into  an  oxide ;  this  is  next  mixed 
with  charcoal,  and  reduced  in  the  furnace. 

Copper  is  a  reddish-yellow  metal,  of  great  tenacity  and  duc- 
tility, and  very  malleable.  Its  fusing  point  is  about  2000°  F., 
and  sp.  gr.  8.96.  It  is  one  of  the  best  conductors  of  heat  and 
electricity.  Exposed  to  the  air,  it  becomes  coated  with  oxide, 
but  is  not  affected  to  any  great  depth.  Its  symbol  is  Cu  (from 
cuprum),  and  equivalent  31.7. 

It  forms  two  oxides.  The  suboxide  or  dioxide  (Cu02),  which 
forms  the  red  coating  on  fresh  rolled  copper.  This  also  occurs 
in  minerals,  in  beautiful  ruby-red  crystals.  It  is  used  to  stain 
glass  of  a  red  color.  The  protoxide  (CuO)  is  a  black  powder 
when  dry,  but  in  the  hydrated  state,  is  of  a  pale  blue.  It  is  used 
in  organic  analysis,  to  supply  oxygen  to  the  substances  submitted 
to  heat,  for  it  is  reduced  with  great  facility  by  carbon  or  hydro- 
gen, but  not  by  heat  alone.  This  is  the  basic  oxide,  most  of  the 
salts'  of  copper  containing  it.     It  stains  glass  of  a  fine  green  color. 

32* 
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The  disulphuret  of  copper  (Cu2S)  is  an  ingredient  of  copper 
pyrites,  one  of  the  most  abundant  ores.  Chlorine,  iodine,  bro- 
mide, and  cyanogen,  form  compounds  with  copper,  but  they  are 
not  at  present  employed. 

Copper  is  readily  detected  in  solution — ammonia  and  caustic 
potash  strike  a  deep  purplish  blue  with  it;  sulphuretted  hydro- 
gen throws  it  down  as  a  black  precipitate ;  and  yellow  prussiate 
of  potash,  as  a  brown  precipitate.  Some  of  the  solutions  yield  a 
precipitate  of  metallic  copper,  on  a  clean  piece  of  iron,  placed  in 
them.  Its  compounds  are  nearly  all  of  a  green  or  blue  color. 
Its  salts  stain  the  flame  of  a  spirit  lamp  or  blow-pipe  of  a  green 
color. 

The  salts  of  copper  are  all  more  or  less  poisonous;  they 
are  irritants,  produce  vomiting,  purgation  and  gastro-enteritis. 
Some  are  escharotic,  and  therefore  disorganize  the  stomach. 
The  antidote,  which  is  to  be  employed  at  once,  and  is  of  more 
service  than  even  the  stomach-pump,  is  the  white  of  egg.  Al- 
bumen forms  with  these  salts  an  insoluble  body,  which,  if  soon 
removed  from  the  stomach,  exerts  no  injurious  effects.  Yellow 
prussiate  of  potash  has  also  been  recommended,  but  we  prefer 
albumen. 

Salts  of  Copper. — The  protoxide  of  copper  unites  with  nearly 
every  acid,  and  forms  a  large  number  of  salts ;  some  of  these  have 
already  been  mentioned  in  the  chapter  on  acetic  acid,  and  a  few 
remain  to  be  considered. 

Carbonates  of  Copper. — Carbonate  of  soda  precipitates  a  solu- 
tion of  copper,  of  a  light  blue  color,  which,  by  warming,  becomes 
granular  and  of  a  rich  green ;  this  has  the  composition  CuO,Co,-(- 
CuO,HO,  or  is  a  mixture  of  the  protocarbonate  with  the  hydrated 
oxide  of  copper.  This  is  prepared  as  a  pigment,  and  has  the 
composition  of  the  mineral  called  malachite.  Verditer,  made  by 
decomposing  nitrate  of  copper  by  chalk,  is  a  hydrated  dicarbo- 
nate.     No  neutral  protocarbonate  is  yet  known. 

The  Sulphate  of  Copper. — This  is  the  blue  vitriol  of  com- 
merce; it  is  found  in  beautiful  blue  rhomboidal  crystals,  having 
the  formula  CuO,SOs-f  3Aq.  It  is  soluble,  has  a  styptic  and 
cupreous  taste,  and  is  decomposed  at  a  high  temperature.  It 
combines  with  potash  and  ammonia,  forming  deep  blue,  double 
salts.  That  with  ammonia,  the  ammonio-sulphate  of  copper 
(cuprum  ammoniatum),  is  of  a  rich  color,  and  capable  of  crys- 
tallizing; it  is  used  as  a  test  for  arsenic,  and  as  an  antispasmodic 
and  tonic  in  medicine ;  the  dose  is  from  gr.  ss  to  gr.  iv,  two  or 
three  times  a  day,  and  it  has  been  much  recommended  in  func- 
tional epilepsy. 

Sulphate  of  copper  is  a  violent  emetic  in  the  dose  of  gr.  x;  it 
is  astringent  and  tonic  in  less  doses,  and  in  the  dilute  state.     But 


COMPOUNDS  OF  LEAD.  379 

its  affinity,  for  albumen  is  such  that  it  is  escharotic,  and  seldom 
used  except  externally.  It  is  employed  in  the  electrotype,  and 
in  the  arts  for  various  purposes.  In  contact  with  metallic  copper, 
it  becomes  converted  into  the  disulphate. 

The  Nitrate  of  Copper  forms  deep  blue,  deliquescent  crystals, 
which  are  exceedingly  corrosive. 

The  Arsenite  of  Copper  is  Scheele's  green,  formed  by  bring- 
ing the  ammonio-sulphate  of  copper  in  contact  with  arsenious 
acid.     It  is  poisonous,  and  used  as  a  pigment. 


LEAD. 

This  metal  is  derived,  for  the  most  part,  from  the  sulphuret 
called  Galena,  and  which  abounds  in  Missouri,  and  Derbyshire, 
England.     It  is  reduced  by  roasting  in  a  reverberatory  furnace. 

Lead  is  a  soft,  bluish-gray  metal,  very  ductile  and  malleable, 
but  of  little  tenacity  or  elasticity.  Its  sp.  gr.  is  11.45,  and  its 
melting  point  610°  F. ;  at  a  white  heat  it  boils  and  volatilizes. 
Exposed  to  the  air,  it  becomes  coated  with  a  blackish  film  of  sub- 
oxide, but  it  is  little  acted  on  by  acids,  except  the  nitric  acid.  Its 
symbol  is  Pb  {plumbum),  and  equivalent  103.7.  Lead  is  ex- 
tensively employed  in  the  arts,  and  in  assaying. 

Four  oxides  are  known,  of  which  the  protoxide  only  is  basic. 
The  suboxide  (Pb20)  is  the  black-gray  body  which  forms  the 
tarnish  of  metallic  lead,  and  the  scum  on  the  surface  of  melted 
lead.  The  protoxide  (PbO)  is  litharge;  it  is  prepared  by  heating 
lead  or  the  carbonate  to  a  dull  red  heat  in  a  current  of  air  ;  it  is 
of  a  pale  yellow  color,  heavy,  sparingly  soluble,  and  fusible  ;  it 
forms  colorless  salts,  with  nearly  all  the  acids.  The  red  oxide, 
or  red  lead,  used  as  a  pigment,  and  in  the  manufacture  of  flint 
glass,  appears  to  be  a  mixture  of  the  protoxide  and  binoxide. 
The  binoxide  (Pb02),  called  the  puce  oxide,  is  a  deep  brown 
powder ;  it  is  decomposed  at  a  red  heat,  and  not  used  except  in 
the  laboratory  to  convert  sulphurous  into  sulphuric  acid. 

The  iodide  of  lead  is  a  beautiful  yellow  substance,  of  a  silky 
lustre  ;  it  has  been  recommended  by  Velpeau  in  the  treatment  of 
scrofulous  swellings.     The  dose  is  from  gr.  ss  to  gr.  ij  in  pill. 

The  soluble  salts  of  lead  are  readily  detected  by  the  action  of 
sulphate  of  soda,  which  yields  a  white  heavy  precipitate  ;  by  sul- 
phuretted hydrogen,  which  throws  down  a  black  sulphuret  of 
lead  ;  by  iodide  of  potassium  and  by  chromate  of  "potash,  which 
yield  rich  yellow  precipitates. 

The  soluble  salts  of  lead  and  the  carbonate  are  more  or  less 
poisonous.  They  affect  the  intestines,  producing  costiveness, 
colic,  and  in  severe  cases,  introsusception  ;  and  also  the  nervous 
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system,  producing  partial  paralysis.  The  antidote  is  dilute  sul- 
phuric acid,  or  solution  of  the  sulphate  of  soda.  The  vapors  of 
white  lead  factories,  and  of  white  paint,  are  sufficient  in  some 
constitutions  to  induce  poisoning;  hence  this  effect  has  been  called 
painter's  colic,  or  colica  pictonum. 

Salts  of  the  Protoxide  of  Lead. — The  principal  compounds 
of  lead  used  in  medicine  are  the  acetates,  which  have  been  de- 
scribed in  the  article  on  acetic  acid. 

Carbonate  of  Lead;  PbO,C02. — This  is  the  white  lead  of  the 
painter  ;  it  is  a  soft,  white,  insoluble  powder,  of  considerable  weight, 
and  readily  soluble  in  acids,  and  to  a  limited  extent -in  water  con- 
taining carbonic  acid  in  solution.  It  occurs  in  crystalline  needles 
as  a  mineral. 

It  is  made  on  an  immense  scale,  in  various  ways,  for  the  pur- 
poses of  commerce,  as  a  paint,  and  for  the  preparation  of  other 
salts  of  lead;  but  it  is  little  used  in  medicine.  It  is  powerfully 
poisonous,  producing  painter's  colic. 

It  has  been  supposed  that  this  substance  is  formed  in  lead  cis- 
terns, which  are  hence  unfit  for  domestic  purposes; — that  the 
carbonate  of  lead,  dissolved  by  the  carbonic  acid  present  in  all 
water,  renders  the  fluid  a  slow  poison.  This  effect  would  arise 
if  the  water  contained  carbonic  acid  only,  but  this  is  never  the 
case  ;  there  is  nearly  always  some  amount  of  sulphates,  which 
serve  to  encrust  the  cistern  with  an  insoluble  coat  of  sulphate  of 
lead,  that  protects  the  metal  from  all  further  action  by  the  car- 
bonic acid  of  the  water.  It  may  be  a  wise  precaution  to  allow 
the  new  cistern  to  be  exposed  to  the  action  of  water  for  some 
weeks  before  use,  or  to  add  a  little  sulphate  of  soda  to  the  water 
first  admitted  ;  but  these  precautions  are  scarcely  necessary. 

The  nitrate  of  lead  is  found  in  opaque  white  octahedrons,  which 
are  soluble  and  without  water  of  crystallization.  It  is  used  as  a 
reagent  in  the  laboratory.  It  is  converted  into  a  subnitrate  by  the 
action  of  ammonia. 

The  sulphate  of  lead  is  a  white  ponderous  amorphous  powder, 
insoluble  in  water  and  acids,  and  inert. 


BISMUTH. 

Bismuth  is  found  native ;  it  forms  cubic  crystals  of  considerable 
lustre,  a  grayish-red  color,  and  very  brittle.  Its  sp.  gr.  is  9.9, 
and  it  melts  at  about  500°  F.,  and  volatilizes  at  a  high  temperature. 
Exposed  to  the  air,  it  burns  with  a  bluish  flame  into  an  oxide.  It 
is  easily  dissolved  by  nitric  acid.   Its  symbol  is  Bi,  and  equivalent 
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There  are  two  oxides  of  bismuth :  the  protoxide  (BiO),  formed 
by  heating  the  subnitrate;  this  is  an  insoluble  yellow  powder,  and 
the  base  of  the  salts  of  bismuth  ;— the  peroxide  (Bi, O  )  is  a  brown 
instable  body. 

The  chloride  of  bismuth  is  a  corrosive  butyraceous  substance. 

Salts  of  bismuth. — The  only  salts  of  bismuth  much  known  are 
the  nitrate  and  subnitrate  ;  the  latter  is  used  in  medicine. 

The  nitrate  is  formed  by  dissolving-  bismuth  in  nitric  acid  ;  it 
forms  large,  colorless,  transparent  crystals,  which  are  decomposed 
by  the  action  of  water. 

The  subnitrate  is  made  by  pouring  the  above  solution  when  cold 
into  a  large  quantity  of  pure  water,  when  a  brilliant  white,  crys- 
talline powder  is  formed,  which  is  the  subnitrate.  This  was  for- 
merly much  used  as  a  cosmetic,  under  the  name  of  pearl  powder 
and  magistery  of  bismuth,  but  after  long  use  it  turns  the  skin 
brown,  and  renders  it  harsh. 

It  is  used  in  medicine  in  cases  of  gastralgia,  obstinate  vomiting, 
and  as  a  tonic.  The  dose  is  from  gr.  iv  to  gr.  x,  but  as  much  as 
a  scruple  has  been  given  three  times  a  day. 


MERCURY. 

Mercury  or  quicksilver  is  found  native,  and  as  a  sulphuret. 
The  metal  is  well  known,  and  distinguished  by  its  fluidity,  bril- 
liant white  appearance,  permanence  in  the  air,  and  high  sp.  gr. 
of  13.54.  It  freezes  at  39°  F.,  and  boils  at  620°  F.,  volatilizing 
without  change,  so  that  it  can  be  readily  distilled.  But  if  exposed 
to  the  air  for  a  long  time,  at  a  considerable  temperature,  it  be- 
comes converted  into  the  red  oxide  of  mercury,  but  is  again  re- 
duced at  a  red  heat.  Its  symbol  is  Hg  (from  hydrargyrum),  and 
equivalent  101.4,  but  some  authors  make  it  202.0;  hence  there 
has  arisen  much  confusion  in  the  nomenclature  of  its  compounds. 

It  is  much  used  in  the  arts  in  the  preparation  of  amalgams,  sil- 
vering mirrors,  the  separation  of  gold  and  silver  from  their  ores, 
and  the  preparation  of  the  mercurial  remedies.  It  is  readily  dis- 
solved by  nitric  acid  even  in  the  dilute  state,  and  in  the  cold. 

When  mercury  is  triturated  with  lard,  or  with  saccharine  mat- 
ters, it  is  reduced  to  a  fine  black  powder,  which  is  the  active  agent 
in  the  blue  pill,  mercurial  ointment  and  hydrargyrum  cum  creta. 
In  this  state  it  appears  to  be  dissolved  by  the  juices  of  the  sto- 
mach, and  to  enter  the  circulation,  being  a  mild  and  valuable  pre- 
paration. _      . 

The  Oxides  of  Mercury. — There  are  two  oxides,  the  suboxide, 
or  according  to  some,  the  protoxide — and  the  protoxide,  also  called 
th'e  binoxide,  but  well  known  by  its  characteristic  red  color. 
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The  suboxide,  or  gray  oxide  (Hg20)  is  readily  prepared  by- 
adding  lime,  potash  or  ammonia  to  the  nitrate.  It  is  a  dark  gray, 
heavy  powder,  insoluble,  of  basic  properties,  and  slowly  decom- 
posed by  the  action  of  light  into  metallic  mercury,  and  the  prot- 
oxide. It  is  the  substance  thrown  down  when  lime  water  is 
added  to  calomel,  in  the  preparation  of  the  black  wash. 

The  protoxide  of  mercury  or  red  oxide,  red  precipitate,  nitric 
oxide,  Hg02,  is  prepared  by  heating  strong  nitric  acid  on  mercury, 
and  evaporating  to  dryness.  Whilst  hot,  it  is  of  a  dark  red,  but 
becomes  of  a  lighter  red  as  it  cools,  and  is  crystalline  ;  it  is  slightly 
soluble,  and  has  an  acrid,  caustic,  and  metallic  taste.  Indeed, 
prepared  in  this  way,  it  is  caustic  from  the  presence  of  an  excess 
of  nitric  acid,  and  is  used  by  the  surgeon  as  a  dressing  to  indolent 
ulcers,  and  to  destroy  luxuriant  and  unhealthy  granulations.  It 
is  basic,  forming  salts,  but  is  decomposed  by  a  red  heat  into  mer- 
cury and  oxygen. 

The  yellow  precipitate,  formed  by  adding  lime  water  to  a  solu- 
tion of  corrosive  sublimate,  in  the  preparation  of  the  yellow  wash 
or  Jlqua  phagedenica,  is  a  hydrated  protoxide. 

The  chlorides  of  mercury  are  of  considerable  medical  interest. 
The  subchloride,  or  mild  chloride  (Hg2Cl),  is  calomel.  It  is  a 
heavy,  white,  insoluble  and  tasteless  powder,  volatilizable  at  a 
temperature  below  redness,  and  subliming  in  brilliant  yellowish 
crystals.  The  powder  used  in  medicine,  was  formerly  prepared 
by  pounding  and  washing  the  sublimate,  but  it  is  not  had  by  sub- 
liming the  calomel  into  a  chamber  filled  with  steam.  This  is 
Howard's  calomel,  or  the  hydrosublimate  of  mercury. 

It  is  slightly  changed  by  exposure  to  the  light,  acquiring  a  light 
brown  color,  which  seems  to  be  due  to  the  formation  of  a  small 
amount  of  suboxide. 

Calomel  is  readily  decomposed,  the  alkalies  yielding  a  black 
suboxide  ;  these  preparations  are,  therefore,  incompatible  with  it. 
The  medicinal  powers,  both  internally,  and  externally  as  a  desic- 
eative,  are  too  well  known  to  require  further  consideration  here. 

The  protochloride  or  corrosive  sublimate  (HgCl),  formerly 
called  the  bichloride,  is  one  of  the  most  fearful  poisons  employed 
in  medicine.  It  is  usually  found  as  white,  transparent  prismatic 
crystals,  soluble  in  16  parts  of  cold  and  three  of  boiling  water, 
and  of  a  powerful  metallic  taste.  It  melts  at  509°  F.,  and  vola- 
tilizes at  a  higher  temperature,  subliming  into  a  crystalline  mass. 

Corrosive  sublimate  is  decomposed  by  the  alkalies  and  lime; 
these  precipitate  a  yellow,  insoluble  body,  which  we  have  men- 
tioned as  the  hydrated  protoxide.  It  combines  with  proteinous 
bodies,  and  owes  its  activity  as  a  poison,  and  as  an  antiseptic  body, 
to  this  action — these  compounds  being  insoluble  and  almost  inde- 
structible.    It  has  a  disposition,  like  the  chlorides  of  platinum  and 
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gold,  to  form  double  salts  with  other  chlorides— these  are  often 
termed,  hydrargyro-chlorides. 

£0/  Membroth  is  an  instance  of  this  kind;  this  consists  of 
HgCl  +  NH,4Cl  +  HO,  or  hydrargyro-chloride  of  oxide  of  ammo- 
nium. The  white  precipitate  of  pharmacy,  a  compound  made 
by  adding  excess  of  ammonia  to  corrosive  sublimate,  consists  of 
corrosive  sublimate  with  amidide  of  mercury,  or  HgCl  +  Hg,NH2. 

In  poisoning  by  corrosive  sublimate,  or  any  of  the  preparations 
of  mercury,  the  white  of  eggs  is  the  antidote.  This  acts  by  form- 
ing an  insoluble  compound,  which  should,  however,  be  removed, 
from  the  stomach  by  the  stomach  pump,  as  soon  as  possible. 

There  are  two  iodides  of  mercury.  The  subiodide,  Hg2I,  is  a 
greenish-yellow,  insoluble  body;  it  is  readily  formed,  by'adding 
a  solution  of  iodide  of  potassium  to  the  sub-nitrate  of  mercury. 
It  sublimes  in  red  crystals,  and  is  partly  decomposed  by  the  action 
of  light.  It  has  been  recommended  as  a  remedy,  in  cases  where 
syphilis  and  scrofula  are  conjoined ;  the  dose  internally  is  gr.  i ;  but 
it  is  a  powerful  irritant.  The  ointment  contains  one-eighth  by 
weight  of  the  iodide. 

The  iodide  of  mercury,  Hgl,  also  called  the  deutiodide  and. 
red  iodide,  is  a  brilliant  scarlet  powder,  of  great  weight,  sp.  gr. 
6.32,  and  insoluble.  When  rapidly  heated,  it  volatilizes,  sublim- 
ing into  yellow  crystals,  which  become  red,  when  scratched  by  a 
hard  body.  When  slowly  sublimed,  the  crystals  are  of  a  scarlet 
color. 

Like  corrosive  sublimate,  it  has  a  tendency  to  unite  with  the 
alkaline  iodides,  forming  hydrargyro-iodides.  It  is  a  powerful 
irritant  and  caustic,  resembling  corrosive  sublimate,  but  not  be- 
ing so  active.  It  has  been  recommended  in  cases  in  which 
syphilis  and  scrofula  are  combined;  the  dose  internally  is  gr.  T'g. 
The  ointment  is  a  very  active,  stimulating  preparation;  it  con- 
tains one-eighth  of  the  iodide.  It  is  particularly  recommended 
in  ophthalmia  tarsi. 

There  are  .two  bromides  and  two  cyanides,  corresponding  to 
the  foregoing  bodies,  which  are,  however,  but  little  or  not  at  all 
employed  in°medicine.  The  cyanide  of  mercury  (HgCy)  is  the 
only  one  of  much  importance,  it  forms  beautiful,  pearly,  colorless, 
square  prisms;  it  is  slightly  soluble,  volatile,  and  of  considerable 
weight.  It  closely  resembles  corrosive  sublimate  in  its  proper- 
ties, and  has  been  mentioned  as  an  antisyphilitic  remedy  in  the 
dose  gr.  -1-  to  gr.  }  in  solution.  But  it  is  so  poisonous,  that  it  is 
doubtful  whether  it  should  be  used.  It  is  employed  in  the  labo- 
ratory, for  the  preparation  of  cyanogen  and  hydrocyanic  acid. 

The  sulphurets  of  mercury  are  the  black  or  sub-sulphuret, 
(Her  S),  and  the  red  or  protosulphuret  (HgS).  The  former  is 
httfe2  used;   it  is  the  Ethiop's  mineral  of  the  older  pharmaco- 
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pceias;  the  latter  is  cinnabar;  it  is  found  in  nature  as  the  most 
abundant  ore  of  mercury,  and  is  occasionally  used  in  mercurial 
fumigations. 

Cinnabar  is  a  brilliant  red,  insoluble  body,  the  powder  of  which 
forms  vermilion  ;  it  is  of  great  weight,  and  readily  sublimes.  Ac- 
cording to  Orfila,  it  is  inert  when  pure. 

Tests  for  the  preparations  of  Mercury. — The  mercurial  pre- 
parations are  volatile  ;  mixed  with  a  little  charcoal,  or  with  char- 
coal and  carbonate  of  soda,  and  heated  in  a  glass  tube,  the  mercury 
is  readily  reduced.  The  metal  is  also  precipitated  from  its  soluble 
salts,  by  a  clean  plate  of  copper.  Solution  of  caustic  potash,  or 
ammonia,  precipitates  it  from  its  soluble  compounds,  as  a  black  or 
yellow  powder,  according  as  it  is  the  suboxide  or  protoxide.  So- 
lution of  albumen  is  precipitated  by  all  the  soluble  salts  of  mer- 
cury. 

The  Oxygen  Salts  of  Mercury. — The  nitrate  and  sulphate 
are  used  in  medicine.  The  acetate  was  formerly  employed  in 
the  pills  of  Keyser. 

The  Neutral  Nitrate  of  Mercury  is  made  by  the  action  of 
cold  dilute  nitric  acid  on  mercury.  It  forms  transparent,  crystal- 
line rhombs,  which  are  extremely  caustic,  and  are  used  as  an 
escharotic  to  fungous  granulations.  There  is  an  officinal  oint- 
ment. This  is  a  nitrate  of  the  suboxide,  its  formula  being  Hg20, 
N03-f-2Aq ;  it  is  soluble  in  a  small  quantity  of  water,  but  in  a 
large  excess,  it  becomes  decomposed,  forming  an  insoluble  sub- 
nitrate. 

When  a  little  ammonia  is  dropped  into  a  solution  of  the  nitrate, 
a  black  precipitate  falls,  which  is  called  H^inemann 's  soluble 
mercury;  its  composition  is, according  to  Kane, 2Hg20, NO.-}- NH3. 

If  in  the  preparation  of  the  nitrate  an  excess  of  mercury  be 
employed,  a  crystalline  basic  salt  is  deposited  after  a  time;  this 
has  the  composition  Hg20,2N05+3Aq.  It  is  decomposed  by 
water. 

The  neutral  nitrate  of  the  protoxide  exists  only  in  solution;  it 
is  made  by  dissolving  the  protoxide  [red  oxide)  in  cold  nitric  acid. 
If  the  acid  be  hot,  there  is  formed  a  crystalline  basic  salt,  2HgO, 
NO--h2Aq  ;  this  substance  yields  to  cold  water  a  second  basic 
salt  which  is  of  a  yellow  color  and  insoluble  3HgO,N05-fHO,  and 
to  boiling  water  a  red  insoluble  substance  of  the  formula  6HgO, 
N05.  The  yellow  insoluble  powder  above  mentioned  is  some- 
times called  the  nitrous  turpeth,  and  was  employed  in  medicine 
as  an  emetic  and  purgative.  The  medicine  was  made  by  allow- 
ing water  to  stand  on  the  yellow  powder  and  decanting  it — the 
fluid  and  not  the  insoluble  substance  was  used. 

The  subs^^lphate,  Hg20,S03,  is  a  white  crystalline  body  formed 
when  sulphuric  acid  is  added  to  a  solution  of  the  neutral  subni- 
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trate.  The  neutral  protosulphate  of  mercury,  HgO,SO„  is  made 
by  boi  mg  sulphuric  acid  with  the  metal  to  dryness;  it  is  a  white 
crystalline  powder. 

When  the  neutral  sulphate  is  mixed  with  water,  it  becomes 
resolved  into  an  acid  salt  which  remains  in  solution,  and  there 
ial  Is  a  yellow,  acrid,  basic  compound,  3HgO,SO,,  which  is  the 
yellow  sub-sulphate  (hydrargyri  sulphas  flavus),  or  turpeth  mine- 
ral ot  pharmacy.  This  body  is  known  as  a  violent  emetic  and 
errhine;  in  doses  of  gr.  ss,  it  is  alterative,  but  rapidly  produces 
ptyahsm.     It  is  seldom  employed. 

By  long-continued  boiling  with  water,  it  loses  its  nitric  acid, 
and  becomes  resolved  into  protoxide  of  mercury. 


SILVER. 

Silver  is  found  native,  and  as  a  sulphuret  and  chloride.  The 
ore  being  reduced,  the  silver  is  separated  by  amalgamation  with 
mercury.     The  amalgam  is  next  decomposed  by  distillation. 

Metallic  silver  is  a  white,  brilliant  substance;  it  is  very  mallea- 
ble and  ductile,  and  one  of  the  best  conductors  of  heat  and  elec- 
tricity. Its  sp.  gr.  is  10.5,  and  its  melting  point  upwards  of 
1800°  F.  In  the  pure  state  it  is  so  soft  that  it  is  alloyed  with  a 
small  amount  of  copper  to  harden  it  for  the  purposes  of  art.  Its 
symbol  is  Ag  (from  argentum),  and  equivalent  108.31. 

It  does  not  oxydize  in  the  air,  but  is  soon  coated  with  a  black 
crust  by  sulphuretted  hydrogen.     Its  solvent  is  strong  nitric  acid. 

There  are  three  oxides  of  silver,  all  of  which  are  reduced  at  a 
red  heat;  of  these  the  protoxide  (AgO)  alone  is  basic.  The  haloid 
salts  of  silver  are  of  some  importance  in  the  arts  ;  they  are  all 
affected  by  light,  being  decomposed.  The  iodide  is  the  yellow 
substance  employed  in  the  Daguerreotype;  it  is  produced  by  ex- 
posing the  silver  to  the  vapor  of  iodine  ; — the  chloride  is  a  white 
insoluble  body  which  turns  black  in  the  light; — the  bromide  is  a 
brownish  insoluble  substance  also  used  in  photography.  The 
cyanide  is  a  brown  insoluble  powder  made  by  precipitating  a  solu- 
tion of  nitrate  of  silver  by  cyanide  of  potassium;  it  is  used  in 
the  preparation  of  medicinal  prussic  acid,  and  also  in  electro- 
plating. 

Silver  is  readily  recognized  in  solution  by  the  action  of  a  little 
hydrochloric  acid,  which  throws  down  the  white  chloride  as  a  curdy 
precipitate.  This  blackens  by  exposure  to  the  air.  It  is  also 
thrown  down  from  its  solutions  in  the  metallic  state  by  introducing 
into  them  a  piece  of  clean  iron,  copper,  or  by  mercury. 

The  nitrate  of  silver,  AgO,N05,  is  the  only  oxygen  salt  of 
importance.  It  is  made  by  the  action  of  strong  nitric  acid  on 
33 
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silver.  In  the  pure  state,  it  is  crystallized  in  transparent  tables, 
which  are  readily  soluble  in  water  or  alcohol.  It  fuses  when 
heated,  and  may  be  cast  into  the  sticks  called  lunar  caustic,  but 
is  decomposed  at  a  red  heat.  It  is  a  well  known  caustic  and 
astringent,  and  has  been  often  recommended  in  epilepsy.  When 
brought  in  contact  with  organic  matter  in  the  light,  it  becomes 
black;  hence  it  is  used  to  dye  the  hair  of  a  black  color,  and  to 
mark  linen.  The  leaden  hue  acquired  by  patients  who  take  this 
medicine  for  any  length  of  time,  is  due  to  the  same  cause.  Am- 
monia first  forms  a  precipitate  in  the  nitrate,  but  subsequently 
re-dissolves  the  precipitate,  producing  a  clear  solution  of  ammonio- 
nitrate  of  silver,  which  is  a  valuable  test  for  arsenious  acid. 


GOLD. 

This  metal  is  always  found  native,  and  is  separated  from 
mineral  impurities  by  amalgamation.  It  is  a  soft,  yellow  metal, 
of  great  lustre,  sp.  gr.  19.3.  It  melts  at  about  2000°  F.  It  is 
the  most  malleable  and  ductile  of  the  metals,  and  one  of  the  best 
conductors  of  heat  and  electricity.  Its  symbol  is  Au  (from 
aurum),  and  equivalent  199.2. 

It  is  unchangeable  in  the  air,  even  in  the  finest  fibres,  and  is 
not  acted  upon  by  any  pure  acid;  but  a  mixture  of  the  nitric  and 
hydrochloric  acids  (aqua  regia),  dissolves  it.  Chlorine  acts  upon 
it  directly,  forming  the  chloride  of  gold.  In  the  divided  state,  gold 
forms  a  black  powder,  like  that  of  platinum,  silver  and  mercury. 

The  preparations  of  gold  are  little  used.  The  sesqui-chloride 
(Au203),  formed  by  the  action  of  nitro-muriatic  acid,  is  a  deep 
yellow,  crystalline,  and  deliquescent  salt.  This  combines  with 
the  alkaline  chlorides,  forming  the  auro-chlorides. 

The  sesqui-chloride  of  gold  and  the  auro-chloride  of  sodium 
have  been  employed  in  medicine  as  anti-syphilitic  remedies,  and 
in  cancer.  The  chloride  is  said  to  resemble  corrosive  sublimate, 
in  its  action  and  power.  The  dose  is  gr.  -JF  to  gr.  T\,  twice  a 
day.  The  antidote  is  white  of  eggs.  The  auro-chloride  of  so- 
dium is  employed  in  gilding  Daguerreotype  plates. 

Other  preparations  of  gold,  as  the  iodide,  cyanide  and  oxide, 
have  been  mentioned  as  officinal  bodies,  but  they  are  inferior  to 
the  corresponding  salts  of  mercury,  and  not  used.  Indeed,  there 
is  some  doubt  as  to  their  activity,  for  Velpeau  and  Bourdeloque 
have  altogether  failed  to  verify  the  observations  of  Chrestien, 
Orfila,  and  others,  concerning  their  value.  The  cyanide  of  gold, 
a  brown,  insoluble  body,  is  employed  in  solution  in  cyanide  of 
potassium,  in  the  process  of  electro-gilding. 

The  haloid  salts  of  gold  are  all  changed  by  light,  and  decom- 
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posed  by  heat.  The  oxides,  of  which  there  are  two,  do  not  form 
salts  with  the  acids.  In  these  respects,  gold  resembles  platinum, 
indium  and  rhodium. 

The  presence  of  gold  in  a  solution,  is  known  by  the  action  of  a 
so  ution  of  the  protochloride  of  tin,  which  strikes  a  rich  purple 
color  (Me  purple  of  Cassius);  and  also  by  the  sulphate  of  iron, 
which  throws  down  a  brown  precipitate,  which  is  readily  fusible 
before  the  blowpipe  into  a  bead  of  gold. 


PLATINUM. 

Platinum  is  always  found  native,  and  usually  associated  with 
palladium,  iridium,  and  rhodium.  It  is  a  white  metal,  harder, 
but  of  less  brilliancy,  than  silver.  Its  sp.  gr.  is  21.5,  and  it  is 
infusible  in  the  furnace;  for  its  preparation,  Dr.  Hare's  blow- 
pipe is  now  used,  or  spongy  platinum  is  alternately  heated  and 
pressed,  until  it  becomes  solid.  It  is  one  of  the  poorest  conduct- 
ors of  heat  and  electricity  amongst  the  metals.  It  is  malleable 
and  very  ductile.     Its  symbol  is  Pt,  and  equivalent  98.84. 

Platinum  is  unchangeable  in  the  air,  and  is  not  affected  by  any 
of  the  pure  acids,  but  is  dissolved  by  nitro-muriatic  acid,  and  con- 
verted into  the  chloride.  In  consequence  of  its  unchangeability,  it 
is  much  used  for  chemical  vessels,  and  is  an  indispensable  metal  in 
the  laboratory.  It  exists  in  three  forms:  as  the  hammered  white 
metal ;  in  a  porous  state,  or  spongy  platinum;  and  in  fine  powder, 
platinum  black. 

The  hammered  metal  possesses  the  property  of  condensing 
oxygen  and  some  other  gases  on  its  surface,  especially  when  red 
hot,  but  in  an  inferior  degree.  It  is,  however,  capable  of  effecting 
catalytic  changes  in  the  vapor  of  many  organic  bodies. 

Spongy  platinum  is  prepared  by  dissolving  the  metal  in  nitro- 
muriatic  acid,  and  then  adding  chloride  of  ammonium  to  the  solu- 
tion ;  this  forms  the  insoluble  platino-chloride  of  ammonium,  which, 
heated  to  redness,  leaves  a  grayish  spongy  mass  of  platinum, 
which  is  the  body  in  question. 

Spongy  platinum,  introduced  into  a  mixture  of  oxygen  and  hy- 
drogen, causes  their  union,  by  condensing  and  bringing  the  gases 
together  in  its  pores.  In  the  open  air,  if  a  stream  of  hydrogen 
be  directed  on  it,  the  metal  becomes  red  hot.  It  brings  about 
numerous  changes  of  eremacausis,  as  the  conversion  of  the  vapor 
of  alcohol  into  acetic  acid. 

Platinum  black  is  the  metal  in  a  very  finely  divided  state.  It 
is  prepared  by  mixing  a  solution  of  chloride  of  platinum  with  an 
excess  of  carbonate  of  soda  and  sugar,  and  heating  slowly  to  212° 
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F.,  with  frequent  agitation.     The  black  powder  formed  in  this 
operation,  is  collected  on  a  filter,  washed,  and  gently  dried. 

It  possesses  the  property  of  condensing  oxygen  and  other  gases, 
and  acts  more  powerful  as  a  catalytic  or  oxydizing  agent,  than 
spongy  platinum.  It  is  used  in  the  manufacture  of  acetic  acid 
from  alcohol  in  Germany.  When  formic  acid  is  slowly  dropped 
on  it,  it  becomes  converted  into  carbonic  acid  by  oxydation.  Al- 
cohol and  ether  dropped  on  it,  are  changed  into  acetic  acid  with 
the  evolution  of  so  much  heat  as  to  cause  the  inflammation  of  a 
portion  of  these  fluids. 

There  are  two  oxides  of  platinum,  the  protoxide,  PtO,  and  bin- 
oxide,  Pt02,  which  are  of  little  consequence,  and  form  salts  of  an 
instable  nature,  readily  decomposed  by  light  and  heat. 

There  are  also  two  chlorides,  the  protochloride,  PtCl,  and  the 
bichloride,  PtCl2.  The  latter  is  the  common  solution  of  platinum; 
it  is  a  light-brown,  deliquescent  solid,  exceedingly  soluble  in 
water  and  alcohol.  It  is  most  remarkable  for  the  facility  with 
which  it  is  decomposed,  and  its  tendency  to  unite  with  the  chlo- 
rides of  the  alkalies  to  form  platino-chlorides. 

In  virtue  of  this  property,  it  is  employed  as  a  test  for  potash 
and  ammonia,  with  which  it  forms  insoluble,  crystalline,  orange- 
colored  salts.  With  soda,  it  forms  a  soluble  crystalline  salt.  The 
solution  of  the  bichloride  is  used  in  organic  analysis  for  the  de- 
termination of  nitrogen,  which  is  first  converted  into  ammonia, 
and  then  forms  the  platino-chloride  of  ammonium.  It  has  also 
been  introduced  into  medicine,  as  a  substitute  for  corrosive  subli- 
mate, but  is  inferior,  and  not  now  employed. 

The  cyanide  of  platinum,  dissolved  in  a  solution  of  cyanide  of 
potassium,  is  employed  in  the  electrotype  to  coat  bodies  with  pla- 
tinum. 


PALLADIUM. 

Palladium  is  associated  with  platinum,  and  resembles  that 
metal  in  many  respects.  It  is  white,  malleable  and  ductile,  al- 
most infusible,  and  of  sp.  gr.  11.5.  It  does  not  oxydize  in  the  air, 
but  when  heated,  acquires  a  purple  tint.  The  metal  is  somewhat 
employed  by  dentists.     Its  symbol  is  Pd,  and  equivalent  53.36. 


IRIDIUM. 

Iridium  is  a  white,  brittle  metal,  almost  infusible,  and  having  a 
sp.  gr.  of  21.8.     Hence  it  is  the  heaviest  body  in  nature  ;  it  is 
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not  dissolved  by  any  acid,  but  oxydizes  by  fusion  with  nitrate  of 
potash.     Its  symbol  is  Ir,  and  equivalent  98.84. 


RHODIUM. 


Rhodium  is  found  in  the  platinum  ores.  It  is  a  steel  white 
metal,  of  great  hardness  and  brittleness;  its  sp.  gr.  is  11.0,  and  it  is 
extremely  infusible.  It  is  employed  to  tip  metallic  pens,  and  ren- 
ders them  very  durable.     Its  symbol  is  R,  and  equivalent  52.20. 


33* 


INDEX. 


Absolute  alcohol,  261 
Acetal,  266 
Acetification,  267 
Acetone,  269 
Acetyle  compounds,  266 
Acid,  acetic,  266 

acetylous,  266 

aconitic,  or  equisetic,  2S4 

aldehydic,  266 

anilic,  or  indigotic,  292 

antimonic,219 

antimonious,  219 

apocrenic,274 

arsenic,  216 

arsenious,  208 

arsenic,  and  poisoning  by,  215 
tests  for,  209 

benzoic,  279 

bilic,  bilifellinic,  345 

boracic,  229 

butyric,  257 

capric  and  caproic,  286 

carbolic,  274 

carbonic,  222 

cerebric,  364 

chloracetic,  269 

chloric,  196 

chlorohydric,  197 

chlorous,  196 

choleic,  345 

chromic,  376 

cinnamic,  282 

citric,  284 

cyanic,  227 

cyanuric,  227 

elaic,  288 

ellagic,  2S5 

ferric,  374 

formic,  271 

fulminic,  227 

fumaric,  285 

gallic,  285 

glucic,  243 

hippuric,  280,  360 

humic,  274 


Acid,  hydriodic,  200 
hydric,  173 
hydrochloric,  197 
hydrocyanic,  225 
hydrofluoric,  201 
hydrosalicylic,  281 
hydrosulphuric,  191 
hyperchloric,  196 
hypermanganic,  373 
hyponitrous,  182 
hyposulphuric,  190 
hyposulphurous,  190 
isatinic,  292 
japonic,  285 
lactic,  256 
lithic,  358 
maleic,  284 
malic,  285 
manganic,  373 
margaric,  288 
melasinic,  245 
metaphosphoric,  203 
mucic,  248 
muriatic,  197 
nitric,  182 
nitromuriatic,  197 
nitrous,  182 
oleic,  2S8 

oleophosphoric,  364 
oxalic,  246 
oxalhydric,  248 
parabanic,  359 
pectic,  244 
phosphoric,  204 
phosphorous,  203 
phosphovinic,  265 
picric,  or  carbazotic,  292 
purpuric,  359 
pyrogallic,  285 
pyroligneous,  266 
pyrophosphoric,  203 
pyrotartaric,  284 
racemic,  283 
rubinic,  2S5 
saccharic,  248 
sacchulmic,  242 
salicylic,  281 
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Acid,  sebacic,  289 

silicic,  229 

stearic,  288 

suberic,  248 

succinic,  289 

sulphindigotic,292 

sulphobenzoic,  280 

sulphoglyceric,  289 

sulphomethylic,  270 

sulphosaccharic,  243 

sulphovinic,  265 

sulphuric,  183 

sulphurous,  188 

tannic,  285 

tartaric,  283 

ulruic,  274 

uramilic,  359 

uric,  358 

valerianic,  276 

xanthic,  363 
Aconitine,  297 
Action  of  presence,  163 
Affinity,  chemical,  128 
Albumen,  306 
Alcohol,  261 
Aldehyde,  266 

Aliments,  classification  of,  314  and  316 
Allantoin,  259 
Allotropism,  130 
Alloxan,  259 
Alloxantine,  259 
Alumina,  372 
Aluminum,  372 
Alums,  152 
Amalgams,  381 
Amidine,  241 
Amidides,  185 
Amidogene,  185 
Ammonia  liquor,  186 

preparation  and  properties  of, 
185 
Ammoniacal  amalgam,  186 
Ammonium,  136 
Amygdaline,  279 
Amyle  compounds,  276 
Animal  chemistry,  313 
Animal  galvanism,  113 
Animal  heat,  338 
Antiarine,  297 
Antimony,  219 

chloride,  219 
oxide,  218 
sulphurets,  219 
Aqua  regia,  197 
Arabine,  244 
Argol,  283 
Aricine,  300 
Arsenic,  207 

antidotes,  215 
sulphurets,  217 


Arterial  fzation,  177 
Arterial  membrane,  311 
Asparagine,  297,  317 
Atmosphere,  composition  of,  175 

physical    constitution   of, 
176 
Atmospheric  pressure,  177 
Atomic  theory,  137 
Atomic  weights,  135 
Atoms,  13 
Atropine,  297 
Aurum  musivum,  376 
Azote,  174 


B 


Balsams,  289 

Barium,  370 

Barometer,  178 

Baryta,  370 

Bassorine,  244 

Batteries,  voltaic,  94 

Benzamide,  280 

Benzoine,  279 

Benzyle  compounds,  278 

Bile,  322,  344 

Biliphaiin,  295 

Biliverdin,  295 

Bismuth,  380 

Bleaching  powder,  371 

Blood,  normal  composition  of,  328 

action  of  venesection,  332 

globules,  327 

in  disease,  330 

menstrual,  332 
Boiling  points  of  fluids,  33 
Bone  earth,  205 
Bones,  composition  of,  365 
Boron,  228 

Brain,  composition  of,  364 
British  gum,  240 
Bromine,  200 
Brucia,  297 
Buffy  coat,  304 
Butyrin,  257 


Cadmium,  375 

Caffeine,  297 

Calcium,  370 

chloride,  371 
fluoride,  371 

Calculi,  urinary,  362 

Calomel,  382 

Calorification,  338 

Calorimeter,  29 

Camphor,  286 

artificial,  287 

Caoutchouc,  290 
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Capacity  for  heat,  29 
Caramel,  242 
Carbon,  220 

its  compounds  with  oxygen,  221 

sulphuret  of,  228 
Carbonic  oxide,  221 
Caseine,  308 
Cast  iron,  373 
Catalysis,  163 
Catechin,  285 
Cellulose,  245 
Cerine,  289 
Cerium,  377 

Chameleon,  mineral,  373 
Charcoal,  221 
Chinoidine,  289 
Chloral,  269 
Chloric  acid,  196 
Chlorine,  194 

compounds  with  oxygen,  196 
preparation  and  properties  of, 
194 
Chloroform,  271 
Chlorophyll,  292 
Chlorous  acid,  296 
Cholepyrrhin,  295 
Cholesterine,289 
Chondrine,  310 
Chrome  yellow,  376 
Chromic  acid,  376 
Chromium,  376 
Chyle,  324 
Chyme,  323 
Cinchonine,  300 
Cinnabar,  384 

Cinnamyle  compounds,  282 
Circulation  of  the  blood,  353 
Coagulation,  327 
Coal  gas,  224 
Cobalt,  375 
Codeine,  298 
Cohesion,  71,  126 
Colchicine,  279 
Coloring  principles,  290 
Colors,  56 
Columbium,  377 
Combination  by  volumes,  144 

laws  of,  138 
Combining  numbers,  134 
table  of,  135 
Combustion,  169,  224 
Compound  radicals,  163  and  232 
Condensation  of  vapors,  35 
Conicine,  or  conia,299 
Copper,  377 

arsenite,  379 

carbonates,  378 

nitrate,  379 

oxides,  377 

sulphate,  378 


Corrosive  sublimate,  382 

Creasote,  273 

Cruosin,  293 

Cryophorus,  36 

Crystallin,  309 

Crystallization,  crystallography,  146 

Curarine,  298 

Cyanogen,  224 

Cyanourine,  295 

Cystic  oxide,  363 

D 

Daguerreotype,  60 
Daphnine,  298 
Daturine,  298 

Decomposition  of  water,  173 
Delphinine,  298 
Deutoxide  of  nitrogen,  162 
Dew,  24 
Dew  point,  38 
Dextrine,  244 
Diamond,  221 
Diastase,  253 

animal,  318 
Differential  thermometer,  22 
Diffusion  of  gases,  175 
Digestion,  313 
Dimorphism,  151 
Dispersion,  57 
Dutch  liquid,  266 


Ebullition,  33 
Elaterine,  298 

Electricity,  action  of,  on  the  magnet, 
107 

animal,  112 

conduction  of,  92 

statical,  65 

voltaic,  87 
Electro-chemistry,  99 
Electrolysis,  99 
Electrometers,  75 
Electrotome,  105 
Electrotype,  103 
Electrophorus,  76 
Emetine,  299 
Emulsine,  279 
Enamel,  376 
Equivalent,  136 

numbers,  table  of,  135 
Eremacausis,  259 
Essences,  287 
Ethal,  289 
Ether,  263 

continuous  process  for,  263 
Etherization,  264 
Etherole,  265 
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Ethyle  group,  262 
Eudiometer,  Ure's,  175 
Eupione,  273 
Evaporation,  34 

at  low  temperatures,  36 
Expansion  of  solids,  19 

fluids,  20 

gases,  22 


Fatty  bodies,  2S6 
Fermentation,  vinous,  258 

lactic,  255 

organic,  252 

germinative,  253 

viscous,  254 

butyric,  256 
Ferridcyanogen,  227 
Ferrocyanogen,  227 
Fibrine,  307 
Fixed  air,  222 
Flame,  structure  of,  224 
Fluorine,  201 
Food, 314, 316 
Formomethylal,  272 
Freezing  of  water  by  evaporation,  38 
Freezing  mixtures,  32 
Fusel  oil,  276 


Galvanism,  87 

Galvanometer,  110 

Gastric  juice,  320 

Gelatine,  310 

Gentianine,  299 

Geoffroy's  tables,  138 

Globulin,  309 

Glucinum,  372 

Glucose,  243 

Glycerine,  289 

Gold,  386 

Gravity,  specific,  of  gases,  determina- 
tion of,  16 

Green,  Scheele's,  209 

Grove's  battery,  95 

Gum,  British,  241 
Arabic,  244 

Gypsum,  371 

H 

Haematin,  Haematosine,  293 

Haemacyanin,  295 

Haemaphein,  295 

Hair,  310 

Hare's  blow-pipe,  171 

Heat,  animal,  338 

capacity  for,  29 


Heat,  conduction  of,  27 
exchanges  of,  24 
latent,  30 

radiation,  23, reflection,  24,  trans- 
mission of,  26,  varieties  of,  27 
Hesperidine,  299 
Horn,  310 

Hydrogen,  antimoniuretted,  220 
arseniuretted,  216 
light  carburetted,  223 
peroxide  of,  173 
persulphuret  of,  193 
phosphuretted,  206 
preparation   and   properties 

of,  170 
sulphuretted,  191 
Hygrometer,  38 
Hyoscyamine,  299 
Hyponitrous  acid,  182 
Hyposulphurous  acid,  190 


Ideal  coloration,  27 
Indigo,  291 

Induction,  electrical,  93 
galvanic,  104 
nervous,  123 
Interference,  57 
Inuline,  240 
Iodine,  198 
Iridium,  388 
Iron,  373 

carbonate,  374 

cast,  373 

chloride,  374 

oxides  of,  373 

sulphates,  374 
Isatine,  292 
Isomerism,  144 
Isomorphism,  151 

K 

Kacodyle  and  its  compounds,  269 
Kermes'  mineral,  219 
Kiestien,361 
Kreatin,  311 
Kreatinine,  312 


Lactine,  243 
Lanthanium,  377 
Latent  heat,  30 
Laughing  gas,  181 
Laws  of  combination,  138 
Lead,  379 

action  of  water  on,  380 

carbonate,  380 
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Lead,  chloride,  379 

iodide,  379 

nitrate,  380 

oxides,  379 
Leaven,  249 
Leiocome,  241 
Leyden  jars,  75 
Light,  cause  of,  53 

chemical  action  of,  60 

reflection,  refraction,  54,  55 

wave  theory,  58 
Lignine,  245 
Lignite,  274 
Lime,  370 

carbonate,  371 

chloride,  371 

phosphate,  371 

sulphate,  371 
Lithium,  370 
Litmus,  290 
Lymph,  325 

M 

Magnesia,  371 

carbonate,  372 
sulphate,  372 
Magnesium,  370 
Magnetism,  the  earth's,  108 
Magnets,  artificial,  84 
Magneto-electrical  machine,  85 
Magneto-electricity,  107 
Malachite,  378 
Malaria,  192 
Manganese,  372 
Margarine,  288 
Marriotte,  law  of,  42 
Marsh's  test  for  arsenic,  211 
Matter  properties  of,  13 
Maximum  density,  40 
Meconine,  299 
Mercury,  381 

chlorides,  382 

iodides,  383 

nitrates,  384 

oxides  of,  381 

sulphates,  384 
Mesite,  273 
Metals,  general  properties  of,  365 

classification  of,  366 
Methyle  compounds,  270 
Microcosmic  salt,  205 
Milk,  composition  of,  308 
Mindererus  spirit,  268 
Mineral  chameleon,  373 
Molybdenum,  287 
Mordants,  290 
Morphia,  299 
Mosaic  gold,  376 
Mucilage,  244 


Mucus,  309 
Murexide,  359 
Muscovado  sugar,  242 

N 

Naphtha,  275 
Narceine,  299 
Narcotine,  299 
Nervous  substance,  364 
Nickel,  375 
Nitric  acid,  182 
Nitrogen,  174 

its  compounds  with  oxygen, 
180 

preparation    and    properties 
of,  174 
Nitrous  acid,  182 

oxide,  181 
Nomenclature,  139 
Nutrition,  function  of,  342 


O 


(Enanthic  ether,  362 
Ohm's  researches,  94 
Oils  and  fats,  286 
Oil  of  bitter  almonds,  278 
cinnamon,  282 
spiraea,  281 
vitriol,  188 
wine,  heavy,  265 
Oils,  expressed,  287 
saponifiable,  287 
volatile,  286 
Oily  acids,  288 
Oleine,  288 
Olefiant  gas,  223,  265 
Organic  bodies,  nature  of,  230 
analysis  of,  232 
decomposition    of,    by 

heat,  231 
general   characters  of, 

231 
production  of,  233 
chemistry,  230 
force,  234 
Orpiment,  217 
Osmium,  377 
Oxalates,  247 
Oxamide,  247 

Oxygen,  preparation  and  properties  of, 
168 


Palladium,  388 
Pancreatic  juice,  322 
Paracyanogen,  224 
Paraffine,  273 
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Pectine,  244 
Pepsin,  321 
Perchloric  acid,  196 
Petroleum,  275 
Phloridzine,281 
Phloridzeine,  282 
Phosphoric  acid, 203 
Phosphorus,   compounds  with   oxygen, 
203 
preparation  and  properties 
of,  201 
Phosphuretted  hydrogen,  206 
Photography,  60 
Picamar,  273 
Picrotoxine,  300 
Pile,  voltaic,  95 
Piperine,  300 
Pit-coal,  274 
Pittakal,  273 
Plasma,  307 
Platinum,  387 

black,  387 

chlorides,  388 

power  of  determining  union 

of  gases,  387 
spongy,  387 
Plumbago,  or  graphite,  221 
Polarity  electrical,  69 
Populine,  280 
Potassium,  367 

oxide  of,  368 
properties  of,  367 
Potash,  36S 

bicarbonate,  368 

bisulphate,  368 

carbonate,  368 

hydrate  of,  368 

nitrate,  368 

sulphate,  368 
Potatoe  oil  and  its  compounds,  276 
Prism,  56 
Proteine,  302 
Proteine,  oxides  of,  304 
Ptyalin,  318 
Pseudomorphine,  368 
Purple  of  Cassius,  376 
Pus,  305 

Pyroacetic  spirit,  269 
Pyrometer,  Daniell's,  20 
Pyroxylic  spirit,  270 


Q 


Quicksilver,  381 
Quinine,  300 


Radiation,  23 
Rays  of  th 


chem      1,  60 


Realgar,  217 

Reflection,  law  of,  25 

Refraction,  58 

Resins,  289 

Respiration,  333 

Respiration,  changes  effected  by,  336 

consumption  of  fat  in,  338 
Rhodium,  389 


Sacchulmine,  248 
Safety  jet,  Hare's,  171 
Safety  lamp,  224 
Salicine,  280 
Salicyle  compounds,  286 
Saliva,  318 
Scheele's  green,  249 
Secretion,  344 
Selenium,  193 
Silicon,  229 
Silver,  385 

chloride,  385 

iodide,  385 

nitrate,  385 
Soaps  ;  saponification,  287 
Soda,   biborate,  229 

bicarbonate,  369 

carbonate,  369 

hydrate  of,  369 

nitrate  of,  370 

phosphates  of,  205 

sulphate,  369 
Sodium,  chloride,  369 

properties  of,  369 
Solanine,  300 
Specific  gravity,  15 

heat,  29 
Spectrum,  solar,  60 
Spermaceti,  289 
Starch,  240 

Steam,  elastic  force  of,  42 
Stearine,  288 
Stearopten,  286 
Steel,  373 
Strontium,  370 
Strychnia,  301 
Sublimate,  corrosive,  383 
Substitution  of,  161 
Sugar,  cane,  242 

eucalyptus,  242 

from  ergot  of  rye,  242 

grape,  243 

of  diabetes  insipidus,  242 

of  milk,  243 
Sulphobenzide,  280 
Sulphocyanogen,  228 
Sulphur  compounds  with  oxygen,  187 

properties  of,  187 
Sulphuretted  hydrogen,  191 
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Sulphuric  acid,  189 
Sulphurous  acid,  188 
Symbols,  138 

table  of,  135 
Synaptase,  279 
Systems,  crystallographical,  146 


Tar,  varieties  of,  273 

Tartar,  cream  of,  283 

Tellurium,  103 

Thebaine,  301 

Theine,301 

Theobromine,  301 

Thermoelectricity,  81 

Thermometer,  construction  of,  21 
differential,  23 
Sanctorio's,  22 
scales,  21 

Thorium,  372 

Thousand-grain  bottle,  15 

Tin,  376 

chlorides,  376 

Titanium,  377 

Tithonic  rays,  80 

Tungsten,  377 

Turmeric,  290 

Turpeth  mineral,  385 

Types,  chemical,  162 

mechanicals,  162 


U 

Uranium,  377 

Urea,  357 

Urinary  calculi,  362 

Urine,  composition  of,  356 

V 

Vanadium,  377 


Vapor,  elastic  force  of,  40 

Vapors,  nature  of,  34 

Vaporization  at  low  temperature,  laws 

of,  37 
Vegeto-alkalies,  296 
Veratria,  301 
Verdigris,  269 
Vermilion,  384 
Vinegar,  266 
Vitriol,  blue,  378 

green,  374 

oil  of,  188 

white,  375 
Voltameter,  112 
Volumes,  combination  by,  144 

W 

Water,  composition  of,  172 

of  crystallization,  173 
Waves,  length  of  light,  58 
Wax,  286 
Wood-spirit  and  its  compounds,  270 

ether,  270 
Woody  fibre,  245 


Xanthic  oxide,  361 
Xyloidine,  248 


Yeast,  248 
Yttrium,  372 


Zinc,  oxide  of,  375 
sulphate,  375 
Zirconium,  372 
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hended by  those  who  tire  commencing  the  study. 

It  may  be  had  well  bound  in  leather,  or  neatly  done  up  in  strong  cloth.  Its  low  price  places  it 
within  the  reach  of  all. 


BREWSTER'S  OPTICS. 


ELEMENTS   OF  OPTICS, 

BY  SIR  DAVID  BREWSTER. 

WITH   NOTES   AND    ADDITIONS,    BY    A.  D.  DACHE,    LL.D. 

Superintendent  of  the  Coast  Survey,  <fca 

In  one  volume,  12mo.,  with  numerous  wood  cuts. 
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SCHOOL   BOOKS. 


BOLMAR'S  FRENCH   SERIES. 

New  editions  of  the  following  works,  by  A.  Bolmar,  forming,  in  con- 
nection with  Bolmar  s  Levizac,"  a  complete  series  for  the  acquisition  of 
the  t  rench  language. 

A  SELECTION  OF  ONE  HUNDRED  PERRIN'S  FARLES, 

ACCOMPANIED    BY    A   KEY, 

Containing  the  text,  a  literal  and  free  translation,  arranged  in  such  a  manner  as  to 

point  out  the  difference  between  the  French  and  English  idiom,  ic,  in  1  vol.,  12ino. 

A  COLLECTION   OF  COLLOQUIAL  PHRASES, 

ON  EVERY  TOPIC  NECESSARY  TO  MAINTAIN  CONVERSATION, 
Arranced  under  different  heads,  with  numerous  remarks  on  the  peculiar  pronunciation 
and  uses  of  various  words;  the  whole  so  disposed  as  considerably  to  facilitate  the 
acquisition  of  a  correct  pronunciation  of  the  French,  in  1  vol.,  LSino. 

LES  AVENTURES  DE  TELE.UAQUE  PAR  FENELON, 

In  1  vol.,  12mo.,  accompanied  by  a  Key  to  the  first  eight  books,  in  1  vol.,  ]2mo.,  con- 
taining, like  the  Fables,  the  text,  a  literal  and  free  translation,  intended  as  a  sequel 
to  the  Fables.     Either  volume  sold  separately. 

ALL  THE  FRENCH  VERBS, 

Both  regular  and  irregular,  in  a  small  volume. 

NEARLY  READY. 


PRINCIPLES   OF   PHYSICS   AND   METEOROLOGY, 

BY  J.  MULLER, 

Professor  of  Physics  at  the  University  of  Frieburg. 

ILLUSTRATED  WITH  NEARLY  FIVE  HUNDRED  AND  FIFTY  ENORAVINU8  OX  WOOD,  AND  TWO 
COLORED    PLATES. 

In  one  octavo  volume. 
This  Edition  is  improved  by  the  addition  of  various  articles,  and  will  be  found  in 
every  respect  brought  up  to  the  time  of  publication. 

"The  Physics  nf  Mallei  is  a  work,  superb,  complete,  unique :  the  greatest  want  known  to  Eng- 
lish Science  COUid  not  h:ive  been  better  supplied.  The  work  is  of  surpassing  interest.  The  valU9 
of  tins  contribution  lo  the  scientific  records  of  this  country  nmv  be  duly  estimated  by  Hie  fact,  thiit 
the  cost  of  '\ia  original  drawings  and  ensxavmjjs  alone  lia3  exceeded  the  sum  of  20001" — Lanctl, 
March,  1S4T. 

jSlN"  ja.TXi.as  or  jinciii^t  geogeaphy, 

BY   SAMUEL    BUTE  Kit,    D.D., 

Late  Lord  Bishop  of  Litchfield, 

CONTAINING   TWENTY-ONE   COLOURED   MAPS,   AND    A    COMPLETE   ACCENTUATED  INDEI. 

In  one  octavo  volume,  half-bound. 

BUTTLr^sTf^cTENT   GEOGRAPHY. 

GEOGSAPHIA    CLASSICA, 

OR    THE  APPLICATION  OF  ANCIENT  GEOGRAPHY  TO  THE  CLASFIC8 

BY   SAMUEL    BUTLE  E,  D.D.,  F.B..S. 

REVISED  EY  HIS  SON. 

FIFTH  AMERICAN,  FROM  THE  LAST  LONDON  EDITION, 

WITH   QUESTIONS    ON    THE    MAPS,   SY    JOHN   FR0S1. 

In  one  duodecimo  volume,  half  bound,  to  match  the  Atlas. 
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SCHOOL   BOOKS. 


WHITE'S   UNIVERSAL   HISTORY. 

LATELY    PUBLISHED, 

ELEME2TTS    OP    UNIVSHSAL   HISTORY, 

ON  A  NEW  AND  SYSTEMATIC  PLAN; 

FROM  THE  EARLIEST  TIMES  TO  THE  TREATY  OF  VIENNA;  TO  WHICH  IS  ADDED,  A 

SUMMARY  OF  THE  LEADING  EVENTS  SINCE  THAT  PERIOD,  FOR  THE 

USE  OF  SCHOOLS  AND  PRIVATE  STUDENTS. 

BY   H.  WHITE,  B.A., 

TRINITY  COLLEGE,  CAMBRIDGE. 

WITH   ADDITIONS  AND   QUESTIONS, 
BY   JOHN    S.    HART,   A.M., 

Principal  of  the  Philadelphia  High  School,  and  Professor  of  Moral  and  Mental  Science,  <tc,  <fcc 
In  one  volume,  large  duodecimo,  neatly  bound  with  Maroon  Backs. 

This  work  is  arranged  on  a  new  plan,  which  is  believed  to  combine  the 
advantages  of  those  formerly  in  use.  It  is  divided  into  three  parts,  corre- 
sponding with  Ancient,  Middle,  and  Modern  History  ;  which  parts  are  again 
subdivided  into  centuries,  so  that  the  various  events  are  presented  in  the 
order  of  time,  while  it  is  so  arranged  that  the  annals  of  each  country  can  be 
read  consecutively,  thus  combining  the  advantages  of  both  the  plans  hitherto 
pursued  in  works  of  this  kind.  To  guide  the  researches  of  the  student, 
there  will  be  found  numerous  synoptical  tables,  with  remarks  and  sketches 
of  literature,  antiquities,  and  manners,  at  the  great  chronological  epochs. 

The  additions  of  the  American  editor  have  been  principally  confined  to 
the  chapters  on  the  history  of  this  country.  The  series  of  questions  by  him 
will  be  found  of  use  to  those  who  prefer  that  system  of  instruction.  For 
those  who  do  not,  the  publishers  have  had  an  edition  prepared  without  the 
questions. 

This  work  has  already  passed  through  several  editions,  and  has  been 
introduced  into  many  of  the  higher  Schools  and  Academies  throughout  the 
country.  From  among  numerous  recommendations  which  they  have  re- 
ceived, the  publishers  annex  the  following  from  the  Deputy  Superintendent 
of  Common  Schools  for  New  York: 

Secretary's  Office,  )  State  nf  New  York. 

Department  of  Common  Schools.     5  Albany,  Oct.  Wh,  1845. 

Messrs.  Lea  <J-  Nimchartl  : 

Gentlemen: — 1  have  examined  the  copy  of  "White's  Universal  History,"  which  you  were  so 
obliging  as  to  send  me,  and  cheerfully  and  fully  concur  in  the  commendations  of  its  value,  as  a  com- 
prehensive and  enlightened  survey  of  the  Ancient  and  Modern  World  which  many  of  the  most  com- 
petent judges  have,  as  I  perceive,  already  bestowed  upon  it.  It  appears  to  me  to  be  admirably 
adapted  to  the  purposes  of  our  public  schools  ;  and  I  unhesitatingly  approve  of  its  introduction  into 
those  seminaries  of  elementary  instruction.  Very  respectfully,  your  obedient  servant, 

SAMUEL  S.  RANDALL, 
LVpirfy  Superintendent  Common  Schools. 
This  work  is  admirably  calculated  for  District  and  other  libraries  :  an  edition  for  that  purpose 
without  questions  has  been  prepared,  done  up  in  strong  cloth. 

HERSCHELL'S  ASTRONOMY. 

A  TREATISE  OIT  ASTHOHOMY, 

BY  SIR  JOHN  F.  VV.  HERSCHELL,  F.  E.  S.,  &.c. 

WITH  NUMEROUS  PLATES  AND  WOOD-CUTS. 

A  NEW  EDITION,  WITH  A  PREFACE  AND  A  SERIES  OF  QUESTIONS, 

BY   S.  C.  WALKER. 

In  one  volume,  12mo. 
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R0St£Em? J-,VES  0F  THE  KINGS  OF  ENGLAND. 

TO  MATCH  MISS  STRICKLAND'S  "QUEENS." 

VOLUME   ONE,    CONTAINING  THE 

LIFE   OF   WILLIAM  THE   CONQUEROR. 

„„,     .  .  In  neat  r°yal  duodecimo,  extra  cloth,  or  fancy  paper. 

mosT^in'takmi  2EMW25&  If™*  ?  ^^  Vnterest'  Jt  dis<^s  throughout  the 
G.bboi.  It  is  a  work  w  i  h wh  ch  sheddm/  Tcb *,"|J  ?"*  haS  aU  ?h«  iu<?<W  and  strength  o, 
upon  English  history,  everyhbrary  t^hUo  E&ZjS&SStflS^  "  ^  "  "'"  d° 

MEMOIRS   OF   THE   LOVES  OF  THE  POETS, 

Biographical  Sketches  of  Women  celebrated  in  Ancient  and 

Modern  Poetry. 

BY    MRS.   JAMIESON. 
In  one  royal  duodecimo  volume,  price  75  cents. 

FREDERIcTTHTTRTiTrFrcTFRTA^  TIMES 

EDITED,  WITH  AN   INTRODUCTION,   BY  THOMAS  CAMP. 

BELL,  ESQ.,  AUTHOR  OF  THE  "PLEASURES  OF '  HOPE™ 

Second  Series,  in  two  duodecimo  volumes,  extra  cloth. 

HISTORY    OF   CONGRESS, 

EXHIBITING  A  CLASSIFICATION  OF  THE  PROCEEDINGS  OF  THE  SENATE  AND  THE 

HOUSE ,  OF  REPRESENTATIVES,  FROM  1789  TO  1793,  EMBRACING  THE  FIRST 

TERM  OF  THE  ADMINISTRATION  OF  GENERAL  WASHINGTON. 

In  one  large  octavo  volume  of  over  700  pages,  price  only  $1.50. 

MOORE'S  SRELAND-NOW  COMPLETE. 

THE  HISTORY  OF  IRELAND, 

FROM  THE  EARLIEST  KINGS  OF  THAT  REALM  DOWN  TO  ITS  LATEST  CHIEFS. 
In  two  octavo  volumes,  extra  cloth. 

Mr.  Moore  has  at  length  completed  his  History  of  Ireland  containing  the  most  troubled  and  inter- 
esting  periods  tnrough  which  it  has  passed.  Those  who  have  possessed  themselves  of  the  work  u 
far  as  the  Great  Expedition  against  Scotland  in  1515,  can  procure  the  second  volume  separate. 

HISTORY  OF  MVWlr^^  IN  1815, 

CONTAINING  MINUTE  DETAILS  OF  THE  BATTLES  OF  QUATRE-BKAS,  LIGNY  WAVRE 

AND  WATERLOO. 

BY   CAPTAIN   W.  SIBOENE, 

In  one  octavo  volume,  with  Maps  and  Plans  of  Battles,  &c,  viz.: 

1.  Part  of  Deliinm,  indicating  the  distribution  of  the  armies  on  commencing  hostilities.  2.  Field 
of  Quatre-liras,  at  3  o'clock,  P.  M.  3.  Field  of  Quatre-Bras,  at  7  o'clock,  P.  M.  4.  Field  of  Lignvr 
at  a  quarter  past  2  o'clock,  P.  M.  5.  Field  of  Lieny,  at  half  past  8  o'clock.  P.  M.  6.  Field  of  Water- 
loo, at  a  Quarter  past  1 1  o'clock,  A.  M.  7.  Field  of  Waterloo,  at  a  quarter  before  8  o'clock,  P.  M. 
8.  Field  of  Waterloo,  at  5  minutes  past  8  o'clock,  P.M.  9.  Field  of  Wavre,  at  4  o'clock,  P.  M.,  ]8tli 
June.  10.  Field  of  Wavre,  at  4  o'clock,  A.  M.,  19th  June.  11.  Part  of  France,  on  which  is  bhown 
the  advance  of  the  Allied  Annies  into  the  Kingdom. 

TEXT  E003S  OE  ECCLESIASTICAL  HISTORY. 

BY  J.  C.  I    GIESELER,  PROFESSOR  OF  THEOLOGY  IN  GOTTINGEN.    TRANSLATED 

FROM  THE  THIRD  GERMAN  EDITION,  BY  F.  CUNNINGHAM. 

In  three  octavo  volumes,  containing  over  1200  large  pages. 

ELESfflENTS  OP  UNIVEESAL  HISTORY, 

ON  A  NEW  AND  SYSTEMATIC  PLAN,  FROM  THE   EARLIEST  TIMES  TO  THE  TREATY 

OF  A1ENNA,  TO  WHICH  IS  ADDED  A  SUMMARY  OF  THE  LEADING 

EVENTS  SINCE  THAT  PERIOD. 

BY    H .    WHITE,    B.  A. 

SIXTH    AMERICAN    EDITION,    WITH     ADDITIONS 
BY    JOHN    S.    HART,    A.M. 

In  one  large  royal  12mo.  volume,  neat  extra  cloth. 
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GRAHAME'S  COLONIAL  HISTORY. 
HISTORY  OF  THE  UNITED  STATES. 

FROM  THE   PLANTATION    OF  THE  BRITISH  COLONIES 

TILL  THEIR  ASSUMPTION  OF  INDEPENDENCE. 

SECOND  AMERICAN  EDITION, 

ENLARGED     AND     AMENDED, 

WITH  A  MEMOIR  BY  PRESIDENT  QUINCY. 

IN    TWO    LARGE    OCTAVO    VOLUMES,    EXTRA    CLOTH, 
WITH    A    PORTRAIT. 

This  work  having  assumed  the  position  of  a  standard  history  of  this 
country,  the  publishers  have  been  induced  to  issue  an  edition  in  smaller  size 
and  at  a  less  cost,  that  its  circulation  maybe  commensurate  with  its  merits. 
It  is  now  considered  as  the  most  impartial  and  trustworthy  history  thai  has 
yet  appeared.  .  , 

A  few  copies  of  the  edition  in  four  volumes,  on  extra  fine  thick  paper, 
price  eight  dollars,  may  still  be  had  by  gentlemen  desirous  of  procuring  a 
beautiful  work  for  their  libraries. 

"It  is  universally  known  to  literary  men  as,  in  its  original  form,  one  of  the  earliest  histories  of 
this  country,  and  certainly  one  of  the  best  ever  written  by  a  foreigner.  II  has  heen  constantly  and 
copiously  used  by  every  one  who  has,  since  its  appearance,  undertaken  the  history  of  this  country. 
In  the  course  of  the  memoir  prefixed  to  it,  it  is  vindicated  from  the  aspersions  cast  on- it  by  Mr. 
Bancroft,  who,  nevertheless,  has  derived  from  it  a  vast  amount  of  the  information  and  documentary 
material  of  his  own  ambitious,  able  and  extended  work.  It  is  issued  in  two  volumes,  and  cannot 
fail  to  fiud  its  way  to  every  library  of  any  pretensions.— New  York  Courier  and  i,nqiarer. 

COOPER'S  NAVAL  HISTORY. 
HISTORY  OF  THE  NAVY  OF  THE  UNITED  STATES  OF  AMERICA, 

BY  J.  FENIMORE  COOPER. 

THIRD    EDITION,    WITH    CORRECTIONS   AND    ADDITIONS. 

Complete,  two  volumes  in  one,  neat  extra  cloth, 

With  a  Portrait  of  the  Author,  Two  Maps,  and  Portraits  of  Paul  Jones,  Bainbridge, 

Dale,  Preble,  Decatur,  Porter,  Perry,  and  McDonough. 

WRAXALL'S  HISTORICAL  MEMOIRS. 


HISTORICAL  MEMOIRS  OF  MY  OWN  TIMES, 

BY   SIR  N.  W.  WRAXALL. 

ONE    NEAT    VOLUME,     EXTRA     CLOTH. 

This  is  the  work  for  which,  in  consequence  of  too  truthful  a  portraiture  of  Catherine  II.,  the 
author  was  imprisoned  and  filled.  Taught  by  this  experience,  his  succeeding  memoirs  he  sup- 
pressed until  after  his  death.  • 

WRAXALL'S  POSTHUMOUS  MEMOIRS. 


POSTHUMOUS  MEMOIRS  OF  HIS  OWN  TIMES, 

BY  SIR  N.  W.  WRAXALL. 

IN   ONE   VOLUME,    EXTRA    CLOTH. 

This  work  contains  much  secret  and  amusing  anecdote  of  the  prominent  personages  of  the  day, 
which  rendered  its  posthumous  publication  necessary 
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WALPOLE'S  LETTERS  AND  MEMOIRS. 

THE  LETTERS  OF  HORACE  WALPOLE,  EARL  OF  ORFORD, 

CONTAINING   NEARLY   THREE    HUNDRED    LETTERS. 
NOW  FIRST  PUBLISHED  FROM  THE  ORIGINALS,  AND  FORMING  AN  UNINTER- 
RUPTED SERIES  FROM  1735  TO  1797. 

In  four  large  octavo  volumes,  with  a  portrait  of  the  Author. 

Tu7p?il?ETTET?Elsr 

THE  LETTERS  OF  HORACE  WALPOLE,  EARL  OF  ORFORD 

TO  SIR  HORACE  MANN,  FROM  1760  TO  1785. 

NOW  FIRST  PUBLISHED  FROM  THE  ORIGINAL  MSS. 

In  two  octavo  volumes,  to  match  the  above. 

WALT0LTr?E0RirfHTTHTRD^ 

MEMOIRS  OF  THE  REIGN  OF  KING  GEORGE  THE  THIRD, 

BY  HORACE   WALPOLE. 

NOW  FIRST  PUBLISHED  FROM  THE   ORIGINAL  MSS. 

EDITED,    WITH    NOTES, 

BY  SIR  DENIS  LE  MARCHANT. 

These  Memoirs  comprise  the  first  twelve  years  of  the  reign  of  George  III. ;  and  recommend 
themselves  especially  to  the  reader  in  this  country,  as  containing  an  account  of  the  early  troubles 
with  America.    They  form  a  sequel  to  the  "  Memoirs  of  George  the  Second,"  by  the  same  author. 

HISTORY  OF  THE  HUGUENOTS— A  NEW  EDITION, 

CONTINUED  TO  THE  PRESENT  TIME. 

BY  W.  S.  BROWNING. 
In  one  large  octavo  volume,  extra  cloth. 

"  One  of  the  most  interesting  and  valuable  contributions  to  modem  history." — Gentleman's  Maga- 
zine. 

"  Not  the  least  interesting  portion  of  the  work  has  reference  to  the  violence  and  persecutions 
of  1815."— Times. 

INGERSOLL'S   LATE  WAR. 

HISTORICAL   SKETCH   OF   THE   SECOND  WAR  BETWEEN 

THE   UNITED   STATES    OF  AMERICA   AND   GREAT 

BRITAIN,  DECLARED  BY  ACT  OF  CONGRESS, 

JUNE  18,  1812,   AND    CONCLUDED  BY 

PEACE,  FEBRUARY  15,  1815. 

E"E"   CHARLES   J.  INGEESOLL. 

One  volume  octavo  of  516  pages,  embracing  the  events  of  1812 — 1813. 

Beautifully  printed,  and  done  up  in  neat  extra  cloth. 

MEMORANDA  OF  A  RESIDENCE  AT  THE  COURT  OF  LONDON, 

COMPRISING  INCIDENTS  OFFICIAL  AND  PERSONAL,  FROM  1819  TO  1825; 

INCLUDING   NEGOTIATIONS  ON  THE  OREGON  O.UESTION,  AND  OTHER  UNSETTLED  RELATIONS  , 

BETWEEN  THE  UNITED  STATES  AND  GREAT  BRITAIN. 

B"H"  RICHARD  RUSH, 

Envoy  Extraordinary  and  Minister  Plenipotentiary  from  the  United  States,  from  1817  to  1826  L 

In  one  large  and  beautiful  octavo  volume,  extra  cloth. 


LEA  AND  BLANCHARD'S  PUBLICATIONS. 

N  I  EB  U  HR'S     ROME. 

THE    HISTOSY    OP    BOIdH, 
BYB.  G.  NIEBUHR. 

COMPLETE   IN   TWO   LARGE    OCTAVO   VOLUMES. 
Done  up  in  extra  cloth  ;  or  five  parts,  paper,  price  $1.00  each. 

The  last  three  parts  of  this  valuable  book  have  never  before  been  published  in  this  country,  hav- 
ing only  lately  been  printed  in  Germany,  and  translated  in  England.  The  two  last  of  these  com- 
prise Professor  Niebuhr's  Lectures  on  the  latter  part  of  .Roman  History,  so  long  lost  to  the  world. 

"  It  is  an  unexpected  surprise  and  pleasure  to  the  admirers  of  Niebuhr — that  is,  to  all  earnest  stu- 
dents of  ancient  history — to  recover,  as  from  the  grave,  the  lectures  before  us." — Eclectic  Review. 

"  The  world  has  now  in  Niebuhr  an  imperishable  model." — Edinburgh  Review,  Jan.  1844. 

"  Here  we  close  our  remarks  upon  this  memorable  work,  a  work  which,  of  all  that  have  appeared 
in  our  ase.  is  the  best  fitted  to  excite  men  of  learning  to  intellectual  activity  :  from  which  the  most 
accomplished  scholar  may  gather  fresh  stores  of  knowledge,  to  which  the  most  experienced  politi- 
cian may  resort  for  theoretical  and  practical  instruction,  and  which  no  person  can  read  as  it  ought 
to  be  read,  without  feeling  the  better  and  more  generous  sentiments  of  Ins  common  human  nature 
enlivened  and  strengthened." — Edinburgh  Review. 

"  It  is  since  I  saw  you  that  I  have  been  devouring  with  the  most  intense  admiration  the  third 
volume  of  Niebuhr.  The  clearness  and  comprehensiveness  of  all  his  military  details  is  a  new 
feature  in  that  wonderful  mind,  and  how  inimitably  beautiful  is  that  brief  account  of  Term."—  Dr 
Arnold  (Life,  vol.  ii.) 

PROFESSOR  RANKE'S  HISTORICAL  WORKS. 

HISTORY    OP    THE    POPES, 

THEIR  CHURCH  AND  STATE,  IN  THE  SIXTEENTH  AND  SEVENTEENTH  CENTURIES. 
BY   LEOPOLD    RANSE, 

TRANSLATED  FROM  THE  LAST  EDITION  OF  THE  GERMAN,  BY  WALTER  K.  KELLY,  ESO-,  B.  A. 

In  two  parts,  paper,  at  $1.00  each,  or  one  large  volume,  extra  cloth. 

"A  book  extraordinary  for  its  learning  and  impartiality,  and  for  its  just  and  liberal  views  of  the 
times  it  describes.  The  best  compliment  that  can  be  paid  to  Mr.  Ranke,  is,  that  each  side  has 
accused  him  of  partiality  to  its  opponent;  the  German  Protestants  complaining  that  Ins  work  is 
written  in  too  Catholic  a  spirit ;— the  Catholics  declaring,  that  generally  impartial  as  he  is,  it  is 
clear  to  perceive  the  Protestant  tendency  of  the  history." — London  Times. 

THE  TURKISH  AND  SPANISH  EMPIRES, 

IN  THE   SIXTEENTH   CENTURY   AND   BEGINNING   OF   THE  SEVENTEENTH, 
BY   PROFESSOR    LEOPOLD    RANKE. 

TRANSLATED  FROM  THE  LAST  EDITION  OF  THE  GERMAN,  BY  WALTER  K.  KELLY,  ESQ. 

Complete  in  one  part,  paper,  price  75  cents. 
This  work  was  published  by  the  author  in  connexion  with  the  "History  of  the  Popes."  under 
the  name  of  "Sovereigns  and  Nations  of  Southern  Europe,  in  the  Sixteenth  and  Seventeenth  Cen- 
turies."   It  may  be  used  separately,  or  bound  up  with  that  work,  for  which  purpose  two  titles  will 
be  found  in  it. 

HISTORY  OP  THE  REFORMATION  IN  GERMANY. 

BY    PROFESSOR   LEOPOLD   RANKE. 
PARTS   FIRST,   SECOND    AND    THIRD    NOW    READY. 

TRANSLATED  FROM  THE  SECOND  EDITION,  BY  SARAH  AUSTIN. 
To  be  completed  in  Five  parts,  each  part  containing  one  volume  of  the  London  edition. 
'1/V  modern  Witers  possess  such  qualifications  for  doing  justice  to  so  great  a  subject  as  Leo 
pold  Kanke.— Indefatigable  in  exertions,  he  revels  in  the  toil  of  examining  archives  and  state 
papers:  honest  in  purpose,  he  shapes  his  theories  from  evidence;  not  like  D'Aubigne,  whose 
romance  of  the  Reformation  selects  evidence  to  support  preconceived  theory  Ranke  never  forgets 
the  statesman  in  the  theologian,  or  the  historian  in  the  partisan."— Athenaeum. 

BROUGHAM  ON  THE  PRENCH  REVOLUTION. 

One  volume  12mo.,  paper,  price  50  cents. 

STUDIES   OF   THE   LIFE   OF   WOMAN. 

FROM  THE  FRENCH  OF  MADAME  NECKER  DE  SAUSSURE. 
In  one  neat  12mo.  volume,  fancy  paper.    Price  75  cents. 

THE  EDUCATION  OF  MOTHERS;  OR,  CIVILIZATION  OF 
MANKIND  BY  WOMEN. 

FROM  THE  FRENCH  OF   L.  AIME  MARTIN. 
In  one  12mo.  rolurae,  paper,  price  75  cents;  or  in  extra  cloth. 


LEA  AND  BLANCHARD'S  PUBLICATION  3. 


POPULAR   SCIENCE. 

PHILOSOPHY  IN  SPORT,  MADE  SCIENCE  IN  EARNEST, 

BEING  AN  ATTEMPT  TO  ILLUSTRATE  THE  FIRST  PRIN 

CIPLES  OF  NATURAL  PHILOSOPHY,  BY  THE 

AID  OF  THE  POPULAR  TOYS  AND 

SPORTS  OF  YOUTH. 

FROM   THE   SIXTH  AND    GREATLY    IMPROVED    LONDON   EDITION. 

In  one  very  neat  royal  18mo.  volume,  with  nearly  one  hundred  illustrations  on  wood. 
Fine  extra  crimson  cloth. 

Dh^STOrt^made*^  beautiful  manner,  a  handsome  book, called  '  Philoso- 

cSeTof  ^uralPhnfsnnhi  iw^f^,   T^  1S  anaJmirahle  attempt  to  illustrate  the  first  prin- 
ciples 01  i\arural  Philosophy,  by  the  aid  of  the  popu  ar  toys  and  sports  of  youth     Useful  informa- 

standin'T  Th^boX.sT^ T^f  yet  d'»"!fied  ""-M  ^dered  leZyt the  s mp  e  tunder- 
Mrror  admirable  one,  and  must  meet  with  universal  favour."- N.T.  Evening 

ENDLESS     AMUSEMENT. 

JUST    ISSUED. 

ENDLESS    AMUSEMENT, 

A    COLLECTION    OF 

NEARLY  FOUR  HUNDRED  ENTERTAINING  EXPERIMENTS 
IN  VARIOUS  BRANCHES  OF  SCIENCE, 

INCLUDING 

ACOUSTICS.  ARITHMETIC,  CHEMISTRY,  ELECTRICITY,  HYDRAULICS,  HYDROSTATICS, 

MAGNETISM,  MECHANICS,  OPTICS,  WONDERS  OF  THE  AIR  PUMP,  ALL  THE 

POPULAR  TRICKS  AND  CHANGES  OF  THE  CARDS,  <fcc.,  <fce. 

TO    WHICH   IS   ADDED, 

A  COMPLETE  SYSTEM  OF  PYROTECHNY, 

OR  THE  ART  OF  MAKING  FIRE-WORKS: 

THE    WHOLE   SO    CLEARLY    EXPLAINED    AS   TO    BE    WITHIN    REACH 

OF  THE   MOST    LIMITED   CAPACITY. 

WITH    ILLUSTRATIONS. 

FROM    THE    SEVENTH    LONDON    EDITION. 

In  one  neat  royal  18mo.  volume,  fine  extra  crimson  cloth. 

This  work  has  long  supplied  instructive  amusement  to  the  rising  generations  in  England,  and 
will  doubtless  be  hailed  with  pleasure  by  those  of  this  country  who  like  (and  what  boy  does  not) 
the  marvellous  tricks  and  changes,  experiments  and  wonders  afforded  by  the  magic  of  science  and 
jugglery. 

CHEMISTRY  OF  THE  FOUR  SEASONS, 

SPRING,    SUMMER,   AUTUMN,  AND   WINTER. 

AN    ESSAY    PRINCIPALLY    CONCERNING     NATURAL    PHENOMENA,   ADMITTING    OP 

INTERPRETATION  BY  CHEMICAL  SCIENCE,  AND  ILLUSTRATING 

PASSAGES  OF  SCRIPTURE. 

BY    THOMAS    GRIFFITHS, 

PROFESSOR  OF  CHEMISTRY  IN  THE  MEDICAL  COLLEGE  OF  BT.  BARTHOLOMEWS  nOSriTAL,  ETC. 

In  one  large  royal  12mo.  volume,  with  many  Wood-Cuts,  extra  cloth. 

"  Chemistry  is  assuredly  one  of  the  most  useful  and  interesting  of  the  natural  sciences.  Chemical 
rh-msres  meet  us  at.  every  step,  and  during  every  season,  the  winds  and  the  rain,  the  heat  and  the 
(Yosts  e-u-h  have  their  peculiar  and  appropriate  phenomena.  And  those  who  have  hitherto  re- 
mained  insensible  to  these  changes  and  unmoved  amid  such  remarkable,  and  often  startling  re- 

maineu    lllM,IK>luie.  ■*»■•" °      .!;„„  »l,~  n,Dml«t™  r,f  H,o  '  Fr.nr  SMtnm  '  nn<l    he  nrproro,     rn 


those  who  have  looked  less  carefully  into  nature's  beauties,  will  find  themselves  led  on  step  by 
Lt^D  until  they  realize  a  new  intellectual  being.  Such  works  we  believe,  exert  a  happy  influence 
over  society,  aid  hence  we  hope  that  the  present  one  may  be  extensively  read."—  Ike  Western 
Lancet. 
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POPULAR   SCIENCE. 
KIRBY  AND  SPENCE'S  ENTOMOLOGY,  FOR  POPULAR  USE. 

AN  INTRODUCTION  TO  ENTOMOLOGY; 

OR,  ELEMENTS  OF  THE  NATURAL  HISTORY  OF  INSECTS:  COMPRISING  AN  ACCOUNT 

OF  NOXIOUS  AND  USEFUL  INSECTS,  OF  THEIR  METAMORPHOSES,  FOOD, 

STRATAGEMS,  HABITATIONS,  SOCIETIES,  MOTIONS,  NOISES, 

HYBERNATION,  INSTINCT,  <kc,  &c. 

"With  Plates,  Plain  or  Colored. 

BY  WILLIAM  KIRBY,  M.A.,F.R.S.,  AND  WILLIAM  SPENCE,  ESQ.,  F.R.S. 

FROM  THE  SIXTH  LONDON  EDITION,  WHICH  WAS  CORRECTED  AND  CONSIDERABLY  ENLARGED. 

In  one  large  octavo  volume,  extra  cloth. 

"We  have  been  greatly  interested  in  running  over  the  pages  of  this  treatise.  There  is  scarcely,  in 
the  wide  range  of  natural  science,  a  more  interesting  or  instructive  study  than  that  of  insects,  or 
one  than  is  calculated  to  excite  more  curiosity  or  wonder. 

"  The  popular  form  of  letters  is  adopted  by  the  authors  in  imparting  a  knowledge  of  the  subject, 
which  renders  the  work  peculiarly  fitted  for  our  district  school  libraries,  which  are  open  to  all  ages 
and  classes." — Hunt's  Merchants'  Magazine. 

A  N  S  TBITS^Al^OlElFT^SrO  R  I.  D . 

JUST  ISSUED. 


THE  ANCIENT  WORLD,  OR,  PICTURESQUE  SKETCHES  OF  CREATION. 
BY  D.  T.  ANSTED,  M.A.,  F.R.S.,  F.G.S.,  &c. 

PROFESSOR   OF   GEOLOGY   IN  KING'S  COLLEGE,   LONDON. 

In  one  very  neat  volume,  fine  extra  cloth,  with  about  One  Hundred  and  Fifty  Illustrations. 
The  object  of  this  work  is  to  present  to  the  general  reader  the  chief  results  of  Geological  investi- 
gation in  a  simple  and  comprehensive  manner.  The  author  has  avoided  all  minute  details  of  geo- 
logical formations  and  particular  observations,  and  has  endeavoured  as  far  as  possible  to  present 
striking  views  of  the  wonderful  results  of  the  science,  divested  of  its  mere  technicalities.  The 
work  is  got  up  in  a  handsome  manner,  with  numerous  illustrations,  and  forms  a  neat  volume  for  the 
centre  table. 

GEOLOGY  AND   MINERALOGY, 

WITH  INSTRUCTIONS  FOR  THE  QUALITATIVE  ANALYSIS  OF  MINERALS. 

BY    JOSHUA    TRIMMER,   F.  G.  S. 

With  two  Hundred  and  Twelve  Wood-Cuts,  a  handsome  octavo  volume,  bound  in  embossed  cloth. 

This  is  a  systematic  introduction  to  Mineralogy,  and  Geology,  admirably  calculated  to  instruct 

the  student  in  those  sciences.    The  organic  remains  of  the  various  formations  are  well  illustrated 

by  numerous  figures,  which  are  drawn  with  great  accuracy. 

NEW  AND   COMPLETE  MEDICAL  BOTANY. 

NOW    READY. 


MEDICAL    BOTANY, 

OR,  A  DESCRIPTION  OF  ALL  THE  MORE   IMPORTANT   PLANTS  USED  IN  MEDICINE* 

AND  OF  THEIR  PROPERTIES,  USES  AND  MODES  OF  ADMINISTRATION. 

BY  R.  EGLESPELD   GRIFFITH,  M.D.,  «fcc.,  &c. 

In  one  large  octavo  volume.    With  about  three  hundred  and  fifty  Illustrations  on  Wood. 

A  POPULArTiiS^^ 

PUBLISHED   UNDER   THE   AUSPICES   OF  THE   SOCIETY  FOR   THE   PROMOTION  OF 
POPULAR  INSTRUCTION;  WITH  NUMEROUS  WOOD-CUTS. 

BY   W.   B.  CARPENTER. 

In  one  volume,  12mo.,  extra  cloth. 

A  TREATISE  ON  COMPARATIVE  ANATOMY  AND  PHYSIOLOGY, 

BY  W.  B.  CARPENTER. 

REVISED  AND  MUCH  IMPROVED  BY  THE  AUTHOR.    WITH  BEAUTIFUL  STEEL  PLATES. 
(Now  preparing.) 

CARPENTER'S   AKIHAL   PHYSIOLOGY, 

WITH  ABOUT  THREE  HUNDRED  WOOD-CUTS. 
(Prepariiv ) 
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HUMAN     HEALTH: 

'  TCLIAUTEU|KAfoNS  innW^,^0  LOCALITY,  CHANGE  OF  AIR  AND 
owAlAli^ SEASON^  K)OD,  CLOTHING,  BATHING,  MINERAL  SPRINGS, 
J^AEKUSE     SLEEP,    CORPOREAL  AND  MENTAL    PUR- 
SUITS, &c,  &c,  ON  HEALTHY  MAN, 

CONSTITUTING  ELEMENTS  OF  HYGIENE. 

BY  R.OBLEY  DUNGLISON,  M.D.,  &c.,&c. 
In  one  octavo  volume. 

if  *wn,TlHrHT  V^  Pursu^  of  £ealth'  as  wel1  as  those  who  d^ire  to  retain 

fcpn  n«l.™  J6<  K         eXl?m1  tHlS  WOfk-      THe    aUth0r    StateS  the  W°^  has 

been  prepared  "to  enable  the  general  reader  to  understand  the  nature  of 
the  actions  of  various  influences  on  human  health,  and  assist  him  in  adopt- 
ing  such  means  as  may  tend  to  its  preservation:  hence  the  author  has 
^nsable1"'         C1Dg  technicalities'  excePl  where  they  appeared  to  him  indis- 

KEMARKS  ON  THE  INFLUENCE  OF  MENTAL  EXCITEMENT, 

AND  MENTAL  CULTIVATION  UPON  HEALTH. 

BY  A.   BRIGHAM,  IVT.D. 

Third  edition  ;  one  volume,  18mo. 

A    TREATISE    ON 

CORNS,  BU23TOSTS,  THE  DISEASES  OP  THE  27AIZ.S, 

AND  THE  GENERAL  MANAGEMENT  OF  THE  FEET. 

BY   LEWIS    DURLACHER, 

BUBGEON    CHIROPODIST   TO   THE    0.  U  E  E  N. 

In  one  duodecimo  volume,  cloth. 
BRIDGE  WATER    TREATISES. 

The  whole  complete  in  7  vols.  8vo.,  various  bindings, 

CONTAINING: 

ROGET'S  ANIMAL  AND  VEGETABLE  PHYSIOLOGY,  in  2  vols.,  with  many  cuts. 
KIRBY  ON  THE  HISTORY,  HABITS  AND  INSTINCT  OF  ANIMALS,  1  vol.,  with  plates. 
PROUT  ON  CHEMISTRY—CHALMERS  ON  THE  MORAL  CONDITION  OF  MAN-WHEWELL 

ON  ASTRONOMY— BELL  ON  THE  HAND— KIDD  ON  THE  PHYSICAL  CONDITION  OF 

MAN,  2  volumes. 

BUCKLAND'S  GEOLOGY,  2  vols.,  with  numerous  plates  and  maps. 

Roget,  Buckland,  and  Kirby  are  sold  separate. 

THE  DOMESTIC  MANAGEMENT  OF  THE  SICK  ROOM, 

NECESSARY,  IN  AID  OF  MEDICAL  TREATMENT,  FOR  THE  CURE  OF  DISEASES. 

BY  A.  T.  THOMSON,  M.  D.,  &c.  &c. 

First  American,  from  the   Second  London  Edition.    Edited  hy  R.  E.  Griffith,  M.  D. 

In  one  royal  I2mo.  volume,  extra  cloth,  with  cuts. 

"There  is  no  interference  with  the  duties  of  the  medical  attendant,  but  sound,  sensible,  and 

clear  advice  what  to  do,  and  how  to  act,  so  as  to  meet  unforeseen  emergencies,  and  co-operate 

with  professional  skill." — Literary  Gazette. 

THE  MILLWRIGHT  AND  MILLER'S  GUIDE. 

BY    OLIVER    EVANS. 

THE  ELEVENTH  EDITION, 
WITH  ADDITIONS  AND  CORRECTIONS,  BY  THE   PROFESSOR   OF  MECHA- 
NICS IN  THE  FRANKLIN  INSTITUTE  OF  PENNSYLVANIA, 
AND  A  DESCRIPTION  OF  AN  IMPROVED  MERCHANT  FLOUR  MILL. 

WITH  ENGRAVINGS. 

BY  O.   &  O.  EVANS,   ENGINEERS. 
This  is  a  practical  work,  and  has  had  a  very  extended  sale. 
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JOHNSON  AND  LANDRETH  ON   FRUIT,  KITCHEN, 
AND  FLOWER  GARDENING. 

A   DICTIONARY    OF   MODERN   GARDENING, 

BY  GEORGE    WILLIAM   JOHNSON,    ESQ. 

Author  of  the  "  Principles  of  Practical  Gardening,"  "  The  Gardener's  Almanac,"  <5cc. 

WITH   ONE   HUNDRED   AND  EIGnTY   WOOD-CDTS. 

EDITED,  WITH  NUMEROUS  ADDITIONS,  BY  DAVID  LANDRETH,  OF  PHILADELPHIA. 

In  one  large  royal  duodecimo  volume,  extra  cloth,  of  nearly  Six  Hundred  and  Fifty 
double  columned  Pages. 
This  edition  has  been  greatly  altered  from  the  original  Many  articles  of  little  interest  to  Ameri- 
cans have  been  curtailed  or  wholly  omitted,  and  much  new  matter,  with  numerous  illustrations, 
added,  especially  with  respect  to  the  varieties  of  fruit  which  experience  has  shown  to  be  peculiarly 
adapted  to  our  climate.  Still,  the  editor  admits  that  he  has  only  followed  in  the  path  so  admirably 
marked  out.  by  Mr.  Johnson,  to  whom  the  chief  merit  of  the  work  belongs.  It  has  been  an  object 
with  the  editor  and  publishers  to  increase  its  popular  character,  thereby  adapting  it  to  the  larger 
class  of  horticultural  readers  in  this  country,  and  they  trust  it  will  prove  what  they  have  desired  it 
to  be,  an  Encyclopaedia  of  Gardening,  if  not  of  Rural  Affairs,  so  condensed  and  at  such  a  price  as  to 
be  within  reach  of  nearly  all  whom  those  subjects  interest. 

"  This  is  a  useful  compendium  of  all  that  description  of  information  which  is  valuable  to  the 
modern  gardener.  It  quotes  largely  from  the  best  standard  authors,  journals,  and  transactions  of 
societies;  and  the  labours  of  the  American  editor  have  fitted  it  for  the  United  States,  by  judicious 
additions  and  omissions.  The  volume  is  abundantly  illustrated  with  figures  in  the  text,  embracing 
a  judicious  selection  of  those  varieties  of  fruits  which  experience  has  shown  to  be  well  suited  to  the 
United  States. — SUliinan's  Journal. 

"  This  is  the  most  valuable  work  we  have  ever  seen  on  the  subject  of  gardening ;  and  no  man  of 
taste  who  can  devote  even  a  quarter  of  an  acre  to  horticulture  ought  to  be  without  it.  Indeed  la- 
dies who  merely  cultivate  flowers  v>ithin-doors,  will  find  this  book  an  excellent  aud  convenient 
counsellor.  It  contains  one  hundred  and  eighty  wood-cut  illustrations,  which  give  a  distinct  idea 
of  the  fruits  and  garden-arrangements  they  are  intended  to  represent. 

"  Johnson's  Dictionary  of  Gardening,  edited  by  Landreth,  is  handsomely  printed,  well-bound,  and 
sold  at  a  price  which  puts  it  witlun  the  reach  of  all  who  would  be  likely  to  buy  it.  — Evergreen. 

THE   COMPLETE   FLORIST. 


A  MANUAL   OF   GARDENING, 

CONTAINING  PRACTICAL  INSTRUCTION  FOR  THE  MANAGEMENT  OF  GREENHOUSE 

PLANTS,  AND  FOR  THE  CULTIVATION  OF  THE  SHRUBBERY— THE  FLOWER 

GARDEN,  AND  THE  LAWN— WITH  DESCRIPTIONS  OF  THOSE  PLANTS 

AND  TREES  MOST  WORTHS  OF  CULTURE  IN  EACH 

DEPARTMENT. 

WITH   ADDITIONS    AND    AM  EN  D  IVI  E  N  T  S  , 

ADAPTED    TO   THE   CLIMATE    OF   THE   UNITED    STATES. 

In  one  small  volume.    Price  only  Twenty-five  Cents. 

THE  COMPLETE  KITCHEN  AND  FRUIT  GARDENER. 

A  SELECT  MANUAL  OF  KITCHEN  GARDENING, 

AND  THE  CULTURE  OF  FRUITS, 

CONTAINING  FAMILIAR  DIRECTIONS  FOR  TILE  MOST  APPROVED  PRACTICE  IN  EACH 

DEPARTMENT,  DESCRIPTIONS  OF  MANY  VALUABLE    FRUITS,  AND  A 

CALENDAR  OF  WORK  TO  BE  PERFORMED  EACH 

MONTH  IN  THE  YEAR. 

THE  WHOLE  ADAPTED  TO  THE  CLIMATE  OF  THE  UNITED  STATES. 
In  one  small  volume,  paper.    Price  only  Twenty-five  Cents. 

LANDRETITS  RURAL  REGISTER  AND  ALMANAC,  FOR  1848, 

WITH   NUMEROUS    ILLUSTRATIONS. 


STILL   ON    HAND, 
A  FEW   COPIES  OF  THE  REGISTER  FOR  1847, 

WITH  OVER  ONE  HUNDRED  WOOD-CUTS. 

This  work  has  150  large  12mo.  pages,  double  columns.  Though  published  annually  and  contain- 
ing an  almanac,  the  principal  part  of  the  matter  is  of  permanent  utility  to  the  horticulturist  and 
fanner. 
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LAW    BOOKS. 


HILLIARD   ON   REAL   ESTATE. 

NOW  READY. 


THE  AMERICAN  LAW  OP  REAL  PROPERTY. 

SECOND   EDITION,  REVISED,  CORRECTED,  AND   ENLARGED. 

BY    FRANCIS    HILLIARD, 

COUNSELLOR   AT  LAW. 

In  two  large  octavo  volumes,  beautifully  printed,  and  bound  in  best  law  sheep. 

This  book  is  designed  as  a  substitute  for  Cruise's  Digest,  occupying  the 
same  ground  in  American  law  which  that  work  has  long  covered  in  the 
English  law.  It  embraces  all  that  portion  of  the  English  Law  of  Real 
Estate  which  has  any  applicability  in  this  country;  and  at  the  same  time  it 
embodies  the  statutory  provisions  and  adjudged  cases  of  all  the  States  upon 
the  same  subject ;  thereby  constituting  a  complete  elementary  treatise  for 
American  students  and  practitioners.  The  plan  of  the  work  is  such  as  to 
render  it  equally  valuable  in  all  the  States,  embracing,  as  it  does,  the  pecu- 
liar modifications  of  the  law  alike  in  Massachusetts  and  Missouri,  New 
York  and  Mississippi.  In  this  edition,  the  statutes  and  decisions  subse- 
quent to  the  former  one,  which  are  very  numerous,  have  all  been  incorpo- 
rated, thus  making  it  one-third  larger  than  the  original  work,  and  bringing 
the  view  of  the  law  upon  the  subject  treated  quite  down  to  the  present  time. 
.  The  book  is  recommended  in  the  highest  terms  by  distinguished  jurists  of 
different  States,  as  will  be  seen  by  the  subjoined  extracts. 

"  The  work  before  us  supplies  this  deficiency  in  a  highly  satisfactory  manner.  It  is  beyond  ail 
question  the  best  work  of  the  kind  that  we  now  have,  and  although  we  doubt  whether  this  or  any 
other  work  will  be  likely  to  supplant  Cruise's  Digest,  we  do  not  hesitate  to  say,  that  of  the  two, 
this  is  the  more  valuable  to  the  American  lawyer.  We  congratulate  the  author  upon  the  success- 
ful accomplishment  of  the  arduous  task  he  undertook,  in  reducing  the  vast  body  of  the  American 
Law  of  Real  Property  to  '  portable  size,'  and  we  do  not  doubt  that  his  labours  will  be  duly  appre- 
ciated by  the  profession." — Law  Reporter,  Aug.,  1846. 

Judge  Story  says  : — "  I  think  the  work  a  very  valuable  addition  to  our  present  stock  of  juridical 
literature.  It  embraces  all  that  part  of  Mr.  Cruise's  Digest  which  is  most  useful  to  American  law- 
yers. But  its  higher  value  is,  that  it  presents  in  a  concise,  but  dear  and  exact  form,  the  substance 
of  American  Law  on  the  same  subject.  1  know  no  work  that  we  possess,  whose  practical  utility  is 
likely  to  be  so  extensively  felt."  "The  wonder  is,  that  the  author  has  been  able  to  bring  so  great  a 
mass  into  so  condensed  a  text,  at  once  comprehensive  and  lucid." 

Chancellor  Kent  says  of  the  work  (Commentaries,  vol.  ii,  p.  635,  note,  5th  edition) :— *■  It  is  a  work 
of  great  labour  and  intrinsic  value." 

Hon.  Rufus  Choate  savs  :— "  Mr.  Hiltiard's  work  has  been  for  three  or  four  years  in  use,  and  1 
think  that  Mr.  Justice  Story  and  Chancellor  Kent  express  the  general  opinion  of  the  Massachusetts 
Bar." 

Professor  Greenleaf  says  : — "  I  had  already  found  the  first  edition  a  very  convenient  book  of  refe- 
rence, and  do  not  doubt,  from  the  appearance  of  the  second,  that  it  is  greatly  improved." 

Professor  J.  II.  Townsend,  of  Yale  College,  says  :— 

"  I  have  been  acquainted  for  several  years  with  the  first  edition  of  Mr.  Hilliard's  Treatise,  and 
have  formed  a  very  favourable  opinion  of  it.  1  have  no  doubt  the  second  edition  will  be  found  even 
more  valuable  than  the  first, and  I  shall  be  happy  to  recommend  it  as  I  may  have  opportunity.  I 
know  of  no  other  work  on  the  subject  of  Real  Estate,  so  comprehensive  and  so  well  adapted  to  the 
*tate  of  the  law  in  this  country." 


LEA  AND  BLANCHARD'S  PUBLICATIONS. 


LAW   BOOKS. 


ADDISON   ON    CONTRACTS. 


A  TREATISE  ON  THE  LAW  OF  CONTRACTS  AND 
RIGHTS  AND  LIABILITIES  EX  CONTRACTU. 

BY  C.  G.  ADDISON,  ESQ., 

Of  the  Inner  Temple,  Barrister  at  Law. 
«  In  one  volume,  octavo,  handsomely  bound  in  law  sheep. 

In  this  treatise  upon  the  most  constantly  and  frequently  administered 
branch  of  law,  the  author  has  collected,  arranged  and  developed  in  an  intel- 
ligible and  popular  form,  the  rules  and  principles  of  the  Law  of  Contracts, 
and  has  supported,  illustrated  or  exemplified  them  by  references  to  nearly 
four  thousand  adjudged  cases.  It  comprises  the  Rights  and  Liabilities  of 
Seller  and  Purchaser  ;  Landlord  and  Tenant ;  Letter  and  Hirer  of  Chattels ; 
Borrower  and  Lender;  Workman  and  Employer;  Master,  Servant  and  Ap- 
prentice ;  Principal,  Agent  and  Surety;  Husband  and  Wife;  Partners; 
Joint  Stock  Companies  ;  Corporations  ;  Trustees  ;  Provisional  Committee- 
men ;  Shipowners  ;  Shipmasters ;  Innkeepers  ;  Carriers ;  Infants ;  Luna- 
tics, &c. 

WHEATON'S   INTERNATIONAL   LAW. 


ELEMENTS    OP    INTERNATIONAL    LAW. 

BY  HENRY  WHEATON,  LL.  D., 

Minister  of  the  United  States  at  the  Court  of  Russia,  &c. 

THIRD  EDITION,  REVISED  AND  CORRECTED. 

In  one  large  and  beautiful  octavo  volume  of  C50  pages,  extra  cloth,  or  fine  law  sheep. 

"  Mr.  Wheaton's  work  is  indispensable  to  every  diplomatist,  statesman  and  lawyer,  and  necessary 
indeed  to  all  public  men.  To  every  philosophic  and  liberal  mind,  the  study  must  be  an  attractive 
and  in  the  hands  of  our  author  it  is  a  delightful  one.1' — North  American. 


HILL   ON   TRUSTEES. 


A  PRACTICAL  TREATISE  ON  THE  LAW  RELATING  TO  TRUSTEES, 

THEIR  POWERS,  DUTIES,  PRIVILEGES  AND  LIABILITIES. 

BY    JAMES   HILL,  ESQ., 

Of  the  Inner  Temple,  Barrister  at  Law. 

EDITED  BY  FRANCIS  J.  TROUBAT, 

Of  the  Philadelphia  Bar. 

In  one  large  octavo  volume,  best  law  sliecp,  raised  bands. 

"  The  editor  begs  leave  to  iterate  the  observation  made  by  the  author  that  the  work  is  intended 
principally  for  the  instruction  and  guidance  of  trustees.  That  single  feature  very  much  euhances 
its  practical  value." 

ON  THE  PRINCIPLES  OF  CRIMINAL  LAW. 

In  one  18ino.  volume,  paper,  price  25  cents. 
BEING  PART  10,  OP  "SMALL  BOOKS  ON  GREAT  SUBJECTS" 


LEA  AND  BLANCHARD'S  PUBLICATIONS. 


LAW  BOOKS. 

SPEKCB'S    EQUITY   JURISDICTION. 

THE  EQUITABLE  JURISDICTION  OF  THE  COURT  OF  CHANCERY, 

COMPRISING 

ITS  RISE,  PROGRESS  AND  FINAL  ESTABLISHMENT. 

T°  JECr^  COXC^FIXAI;Y-V1n^ni^SV,T.0^HE  ELUCIDATION  OF  THE  MAIN  SUB- 
li.,;     ,v,,„U4!„0BN1    OF  THE  LEAD  NG  DOCTRINES   OF   THE   COMMON 
LA-V"-  AND  OF  THE   COURSE   OF  PROCEDURE  IN  THE 'COURTS  (IF  COM 
M0^A^I  W1'1H  REGAKDTO  CIVIL  RIGHTS;  WITH  AN  ATTEMPT 
TO  TRACE   THEM   TO   THEIR  SOURCES     AND  IN  WIIICH 
THE   VARIOUS    ALTERATIONS    MADE    BY   THE 
LEGISLATURE  DOWN  TO  THE  PRESENT 
DAY  ARE  NOTICED. 
BY    GEORGE    SPENCE,   ESQ., 
One  of  her  Majesty's  Counsel. 
IN     TWO     OCTAVO    VOLUMES. 
Volume  I.,  embracing  the  Principles,  is  now  ready.    Volume  II.  is  rapidly  preparing  and  will 
appear  early  m  1848.     It  is  based  upon  the  work  ol  Mr.  Maddock,  brought  down  to  the  preseut 
tmie,  and  embracing  so  much  of  the  practice  as  counsel  are  called  on  to  advise  upon. 

A    NEW    LAW    DICTIONARY, 


AND   COMMONS    TO    WHICH    IS   ADDED,   AN    OUTLINE   OF  AN 

ACTION  AT  LAW  AND  OF  A  SUIT  IN  EQUITY. 

BY    HENRY    JAIVTES    HOLTHOUSE,  ESQ., 

Of  the  Inner  Temple,  Special  Pleader. 

EDITED    FKOM    THE   SECOND    AND    ENLARGED    LONDON    EDITION, 

WITH    NUMEROUS   ADDITIONS, 

BY    HENRY   PENIWGTOK, 

Of  the  Philadelphia  Bar. 

In  one  large  volume,  royal  12mo.,  of  about  500  pages,  double  columns,  handsomely 

bound  in  law  sheep. 

"  This  is  a  considerable  improvement  upon  the  former  editions,  being  bound  with  the  usual  law 

binding,  and  the  general  execution  admirable — the  paper  excellent,  and  the  printing  clear  and 

beautiful.     Its  peculiar  usefulness,  however,  consists  in  the  valuable  additions  above  referred  to, 

being  intelligible  and  well  devised  definitions  of  such  phrases  and  technicalities  as  are  peculiar  to 

the  practice  in  the  Courts  of  this  country. — While,  therefore,  we  recommend  it  especially  to  the 

students  of  law,  as  a  safe  guide  through  the  intricacies  of  their  study,  it  will  nevertheless  be  found 

a  valuable  acquisition  to  the  library  of  the  practitioner  himself." — Alex.  Gazette. 

'•  This  work  is  intended  rather  for  the  general  student,  than  as  a  substitute  for  many  abridgments, 
digests,  and  dictionaries  in  use  by  the  professional  man.  Its  object  principally  is  to  impress  accu- 
rately and  distinctly  upon  the  mind  the  meaning  of  the  technical  terms  of  the  law.  and  as  such 
can  hardly  fail  to  be  generally  useful.  There  is  much  curious  information  to  be  found  in  it  in  re- 
gard to  the  peculiarities  of  the  ancient  Saxon  law.  The  additions  of  the  American  edition  give 
increased  value  to  the  work,  and  evince  much  accuracy  and  cure."— Femisylvuni*  Law  Journal. 

TAYLOR'S    MEDICAL    JURISPRUDENCE. 

A  PRACTICAL,  TREATISE  ON  MEDICAL  JURISPRUDENCE. 

BY  ALFRED  S.   TAYLOR, 

Lecturer  on  Medical  Jurisprudence  and  Chemistry  at  Guy's  Hospital,  London. 

With  numerous  Notes  and  Additions,  and  References  to  American  Law, 

BY   R.   E.    GRIFFITH,  M.D. 
In  one  volume,  octavo,  neat  law  sheep. 

TAYLOR'S    MANUAL    OF    TOXICOLOGY. 

IN    ONE    NEAT    OCTAVO    VOLUME. 

A  NKW  WOEK,  NOW  READY. 

TRAILL'S 

OUTLINES  OF  A  COURSE  OF  LECTURL'S  ON  MEDICAL  JURISPRUDENCE. 

IN    ONE    SMALL    OCTAVO    VOLUME. 
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LAW   BOOKS. 
E  A  S  T'S     REPORTS. 


REPORTS    OF  CASES 

ADJUDGED   AND   DETERMINED    IN    THE    COURT 
OF    KING'S    BENCH. 

WITH  TABLES  OF  THE  NAMES  OF  THE  CASES  AND  PRINCIPAL  MATTERS. 

BY    EDWARD    HYDE    EAST,   ESQ., 

Of  the  Inner  Temple,  Barrister  at  Law. 

EDITED,     WITH     NOTES     AND     REFERENCES, 

BY    G.   M.   WHARTON-,  ESQ., 

Of  the  Philadelphia  Bar. 

In  eight  large  royal  octavo  volumes,  bound  in  best  law  sheep,  raised  bands  and  double 
titles.    Price,  to  subscribers,  only  twenty-five  dollars. 

In  this  edition  of  East,  the  sixteen  volumes  of  the  former  edition  have 
been  compressed  into  eight — two  volumes  in  one  throughout — but  nothing 
has  been  omitted;  the  entire  work  will  be  found,  with  the  notes  of  Mr. 
"Wharton  added  to  those  of  Mr.  Day.  The  great  reduction  of  price,  (from 
$72,  the  price  of  the  last  edition,  to  $25,  the  subscription  price  of  this,) 
together  with  the  improvement  in  appearance,  will,  it  is  trusted,  procure  for 
it  a  ready  sale. 

A  NEW  WORK  ON  COURTS-MARTIAL 

A  TREATISE  ON  AMERICAN  MILITARY  LAW, 

AND    TUE 

PRACTICE  OF    COURTS-MARTIAL, 

WITH  SUGGESTIONS  FOR  THEIR  IMPROVEMENT. 
BY   JOHN    O'BRIEN, 

LIEUTENANT    UNITED   STATES   ARTILLERT. 

In  one  octavo  volume,  extra  cloth,  or  law  sheep. 
"This  work  stands  relatively  to  American  Military  Law  in  the  same  position  that  Blackstone'i 
Commentaries  stand  to  Common  Law."—  17.  S.  Gazette. 

CAMPBELL'S   LORD   CHANCELLORS. 


LIVES  OF  THE  LORD  CHANCELLORS  AND  KEEPERS  OP 
THE  GREAT  SEAL  OF  ENGLAND, 

FROM   THE   EARLIEST   TIMES   TO   THE   KEIGN    OF    KING    GEORGE   IV., 

BY  JOHN  LORD  CAMPBELL,  A.M.,  F.R.S.E. 

FIRST    SERIES, 

In  three  neat  demy  octavo  volumes,  extra  cloth, 
BRINGING  THE  WORK  TO  THE  TIME  OF  JAMES  II.,  JUST  ISSUED. 

PREPARING, 
SECOND    SERIES, 

In  four  volumes,  to  match, 
CONTAINING  FKOM  JAMES  II.  TO  GEORGE  IV. 
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YOUATT   AND   SKINNER'S 

STANDARD  WORK  ON  THE  HORSE. 


THE   HORSE. 

BY    WILLIAM    YOUATT. 

A   NEW   EDITION,   WITH   NUMEROUS   ILLUSTRATIONS. 

TOGETHER    WITH   A 

GENERAL   HISTORY  OF  THE  HORSE; 

A   DISSERTATION   ON 

THE  AMERICAN  TROTTING  HORSE; 

HOW    TRAINED    AND    JOCKEYED. 
AN  ACCOUNT  OF  HIS  REMARKABLE  PERFORMANCES; 

AND 

AN  ESSA1T  ON  TH2  ASS  AND  TH2  ItfUXS, 

BY   J.  S.  SKINNER, 
Assistant  Post-Master-General,  and  Editor  of  the  Turf  Register. 

This  edition  of  Youatt's  well-known  and  standard  work  on  the  Manage- 
ment, Diseases,  and  Treatment  of  the  Horse,  has  already  obtained  such  a 
wide  circulation  throughout  the  country,  that  the  Publishers  need  say  no- 
thing to  attract  to  it  the  attention  and  confidence  of  all  who  keep  Horses  or 
are  interested  in  their  improvement. 

"  In  introducing  this  very  neat  edition  of  Youatt's  well-known  book,  on  '  The  Horse,'  to  our 
readers,  it  is  not  necessary,  even  if  we  had  time,  to  say  anything  to  convince  them  of  its  worth  ;  it 
has  been  highly  spoken  of,  by  those  most  capable  of  appreciating  its  merits,  and  its  appearance 
under  the  patronage  of  the  'Society  for  the  Diffusion  of  Useful  Knowledge,*  with  Lord  Brougham 
at  its  head,  affords  a  fall  guaranty  for  its  high  character.  The  book  is  a  very  valuable  one,  and  we 
endorse  the  recommendation  of  the  editor,  that  every  man  who  owns  the  '  hair  of  a  horse,'  should 
have  it  at  his  elbow,  to  be  consulted  like  a  family  physician,  'for  mitigating  the  disorders,  and  pro- 
longing the  life  of  the  most  interesting  and  useful  of  all  domestic  animals.'  "—Farmer's  Cabinet. 

"This  celebrated  work  has  been  completely  revised,  and  much  of  it  almost  entirely  re-written 
by  its  able  author,  who,  from  being  a  practical  veterinary  surgeon,  and  withal  a  great  lover  and 
excellent  iudgeof  the  animal,  is  particularly  well  qualified  to  write  the  history  of  the  noblest  of 
quadrupeds.  Messrs.  Lea  and  Blanchard  of  Philadelphia  have  republished  the  above  work,  omitting 
a  few  of  the  first  pages,  and  have  supplied  their  place  with  matter  quite  as  valuable,  and  perhaps 
more  interesting  to  the  reader  in  this  country  ;  it  being  nearly  100  pages  of  a  general  history  of  the 
horse,  a  dissertation  on  the  American  trotting  horse,  how  trained  and  jockeyed,  an  account  of  his 
remarkable  performances,  and  an  essay  on  the  Ass  and  Mule,  by  J.  S.  Skinner,  Esq.,  Assistant  Post- 
riaster-General,  and  late  editor  of  the  Turf  Register  and  American  Farmer.  Mr.  Skinner  is  one 
of  our  most  pleasing  writers,  and  has  been  familiar  with  the  subject  of  the  horse  from  childhood, 
and  we  need  not  add  that  he  has  acquitted  himself  well  of  the  task.  He  also  takes  up  the  import- 
ant subject,  to  the  American  breeder,  of  the  Ass,  and  the  Mule.  This  he  treats  at  length  and  con 
amore.  The  Philadelphia  edition  of  the  Horse  is  a  handsome  octavo,  with  numerous  wood-cuts."— 
American  Agriculturist. 
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YOUATT  ON  THE   PIG. 


THE    PIG; 

A  TREATISE  ON  THE  BREEDS,  MANAGEMENT,  FEEDING, 
.     AND  MEDICAL  TREATMENT  OF  SWINE, 

WITH  DIRECTIONS  FOR  SALTING  PORK,  AND  CURING  BACON  AND  HAMS. 
BY    WILLIAM    YOUATT,    V.S. 

Author  of  "The  Horse,"  "The  Dog,"  "Cattle,"  "  Sheep,"  <fcc,  &c. 

ILLUSTRATED  WITH  ENGRAVINGS  DRAWN   FROM   LIFE  BY  WILLIAM  HARVEY. 

In  one  handsome  duodecimo  volume,  extra  cloth,  or  in  neat  paper  cover,  price  50  cents. 
This  work,  on  a  subject  comparatively  neglected,  must  prove  of  much  use  to  farmers,  especially 
in  this  country,  where  the  Pig  is  an  animal  of  more  importance  than  elsewhere.  No  work  has 
liitlierto  appeared  treating  fully  of  the  various  breeds  of  swine,  their  diseases  and  cure,  breeding, 
fattening,  &c,  and  the  preparation  of  bacon,  salt  pork,  hams,  &c,  while  the  name  of  the  author  of 
"  The  Horse,"  "  The  Cattle  Doctor,"  <tc,  is  sufficient  authority  for  all  he  may  state.  To  render  it 
more  accessible  to  those  whom  it  particularly  interests,  the  publishers  have  prepared  copies  in 
neat  illustrated  paper  covers,  suitable  for  transmission  by  mail  j  and  which  will  be  sent  through 
the  post-office  on  the  receipt  of  fifty  cents,  free  of  postage. 

CLATER  AND  YOUATT'S   CATTLE    DOCTOR. 


EVERY  MAN  HIS   OWN  CATTLE  DOCTOR: 

CONTAINING    THE  CAUSES,  SYMPTOMS  AND    TREATMENT  OF  ALL 
DISEASES  INCIDENT  TO  OXEN,  SHEEP  AND  SWINE; 

AND   A   SKETCH    OF   THE 

ANATOMY  AND  PHYSIOLOGY  OF  NEAT  CATTLE. 

BY    FRANCIS    CLATER. 

EDITED,    REVISED   AND   ALMOST   RE-WRITTEN,   BY 

WILLIAM  YOUATT,  AUTHOR  OF  "THE  HORSE." 
WITH    NUMEROUS   ADDITIONS, 
EMBRACING  AN  ESSAY  ON  THE  USE  OF  OXEN  AND  THE  IMPROVEMENT  LN  THE 
BREED  OF  SHEEP, 
BY  J.  S.  SKINNER. 
WITH    NUMEROUS     CUTS    AND     ILLUSTRATIONS. 
In  one  12mo.  volume,  cloth. 
"As  its  title  would  import, it  is  a  most  valuable  work,  and  should  be  in  the  hands  of  every  Ame- 
rican farmer;  and  we  feel  proud  in  saying,  that  the  value  of  the  work  has  been  greatly  enhanced 
oy  the  contributions  of  Mr.  Skinner.    Clater  and  Youatt  are  names  treasured  by  the  farming  com- 
munities of  Europe  as  household-gods  ;  nor  does  that  of  Skinner  deserve  to  be  less  esteemed  in 
America." — American  Farmer. 


CLATER'S   FARRIER. 


EVERY  MAN  HIS  OWN  FARRIER: 

CONTAINING  THE  CAUSES,  SYMPTOMS,  AND  MOST  APPROVED  METHODS  OF  CURE 
OF  THE  DISEASES  OF  HORSES. 

BH   FRANCIS    CLATER, 

Author  of  "  Every  Man  his  own  Cattle  Doctor," 

AND   HIS    SON,    JOHN    CLATER. 

FIRST  AMERICAN  FROM  THE  TWENTY-EIGHTH  LONDON  EDITION. 

WITH     NOTES    AND     ADDITIONS, 

BIT    J.    S.    SKINNEE. 
In  one  12mo.  volume,  cloth. 
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HAWKER  AND  PORTER  ON   SHOOTING. 

INSTRUCTIONS  TO  YOUNG  SPORTSMEN 

IN  ALL  THAT  RELATES  TO  GUNS  AND  SHOOTING. 
BY   LIEUT.   COL.  P.   HAWKER. 

FROM    THE    ENLARGED    AND     IMPROVED    NINTH    LONDON    EDITION, 

TO  WHICH  IS  ADDED  THE  HUNTING  AND  SHOOTING  OF  NORTH  AMERICA.  WITH 

DESCRIPTIONS  OF  ANIMALS  AND  BIRDS,  CAREFULLY  COLLATED 

FROM  AUTHENTIC  SOURCES. 

BY   W.  T.  POUTER,  ESQ,. 

EDITOR  OF  THE  N.  Y.  SPIRIT  OF  THE  TIMES. 

In  one  large  octavo  volume,  rich  extra  cloth,  with  numerous  Illustrations. 

"  Here  is  a  book,  a  hand-book,  or  rather  a  text-book — one  that  contains  the  whole  routine  of  the 
science.  It  is  the  Primer,  the  Lexicon,  and  the  Homer.  Everything  is  here,  from  the  minutest 
portion  of  a  gun-lock,  to  a  dead  Buffalo.  The  sportsman  who  reads  tins  book  understandingly,  may 
pass  an  examination.  He  will  know  the  science,  and  may  give  advice  to  others.  Every  sportsman, 
and  sportsmen  are  plentiful,  should  own  this  work.  It  should  be  a  "  vade  mecum."  He  should 
be  examined  on  its  contents,  and  estimated  by  his  abilities  to  answer.  We  have  not  been  without 
treatises  on  the  art,  but  hitherto  tliey  have  not  descended  into  all  the  minutiae  of  equipments  and 
qualifications  to  proceed  to  the  completion.  This  work  supplies  deficiencies,  and  completes  the 
sportsman's  library." — U.  S.  Gazette. 

"  No  man  in  the  country  that  we  wot  of  is  so  well  calculated  as  our  friend  of  the  '  Spirit'  for  the 
task  he  has  undertaken,  and  the  result  of  his  labours  has  been  that  he  has  turned  out  a  work  which, 
should  be  in  the  hands  of  every  man  in  the  land  who  owns  a  double-barrelled  gun."— N.  O.  Picayune. 

"  A  volume  splendidly  printed  and  bound,  and  embellished  with  numerous  beautiful  engravings, 
which  will  doubtless  be  in  great  demand.  No  sportsman,  indeed,  ought  to  be  without  it,  while  the 
general  reader  will  find  in  its  pages  a  fund  of  curious  and  useful  information." — Richmond  yVhiy. 

^b^uXT^r^sir^TTrE^^TrGT 


THE    BOG, 

BY    WILLIAM    YOUATT, 

Author  of  "  The  Horse,"  &c. 

WITH    NUMEROUS    AND    BEAUTIFUL    ILLUSTRATIONS. 

EDITED   BY   E.  J.  LEWIS,  M.D.  &c.  &c. 

In  one  beautifully  printed  volume,  crown  octavo. 

LIST    OF    PLATES. 

Head  of  Bloodhound— Ancient  Greyhounds— The  Thibet  Dog— The  Dingo,  or  New  Holland  Dog— 

The  Danish  or  Dalmatian  Dog— The  Hare  ludian  Dog— The  Greyhound— The  Grecian  Greyhound 

—Blenheims  and  Cockers— The  Water  Spaniel— The  Poodle— The  Alpine  Spaniel  or  Bernardino 

Dog— The  Newfoundland  Dog— The  Esquimaux  Dog— The  English  Sheep  Dug— The  Scotch  Sheep 

Do"— The  Beagle— The  Harrier— The  Foxhound— Plan  of  Goodwood  Kennel— The  Southern 

Hound— The  Setter— The  Pointer— The  Bull  Dog— The  Mastiff— The  Terrier— Skeleton  of  the 

Dog — Teeth  of  the  Dog  at  seven  different  ages. 

"  Mr  Youalt's  work  is  invaluable  to  the  student  of  canine  history;  it  is  full  of  entertaining  ani 
instructive  matter  for  the  general  reader.  To  the  sportsman  it  commends  itself  by  the  large  amount 
of  useful  information  in  reference  to  his  peculiar  pursuits  which  it  embodies— information  which 
he  cannot  find  elsewhere  in  so  convenient  and  accessible  a  form,  and  with  so  reliable  an  authority 
to  entitle  it  to  his  consideration.  The  modest  preface  which  Dr.  Lewis  has  made  to  the  American 
edition  of  this  work  scarcely  does  justice  to  the  additional  value  lie  has  imparted  to  it ;  and  the 
publishers  are  entitled  to  great  credit  for  the  handsome  manner  in  which  they  have  got  it  up.  — 

North  American.         „™^ „^™~v~™^~~~™~~ 

THE    SPORTSMAN'S    LIBRARY, 

OR  HINTS  ON  HUNTERS,  HUNTING,  HOUNDS,  SHOOTING,  GAME,  DOGS,  GUNS, 
vu.  am±o  v  FISHING,  COURSING,  &.C.,  &c. 

BY   JOHN  MILLS,   ESQ., 

Author  of  "  The  Old  English  Gentleman,"  &c. 

In  one  well  printed  royal  duodecimo  volume,  extra  cloth. 

STABLE  TALK  AND  TABLE  TALK, 

OR  SPECTACLES  FOR  YOUNG  SPORTSMEN. 

BY    HARRY    HIEOVER. 

In  otie  very  neat  duodecimo  volume,  extra  cloth. 

••These  livelv  sketches  answer  to  their  title  very  well.    Wherever  Nimrod  is  welcome,  there 

chnnld  he  cordial  greeting  for  Harry  Hieover.    His  book  is  a  very  clever  one,  and  contains  many 

uVstructive  hints,  a!  well  as  much  light-hearted  reaOmg.'^Examhter. 

THE  :dog  and  the  sportsman, 

PATOriCING  THE  USES,  BREEDING,  TRAINING,  DISEASES,  ETC.    OF  DOGS   AND  AN 

ACCOUNT  OF  THE  DIFFERENT  KINDS  OF  GAME,  WITH  THEIR  HABITS. 

Also.  Hints  to  Shooters,  with  various  useful  Recipes,  &c,  &c 

BY   J.   S.  SKINNER. 

With  Plates.    In  one  very  neat  12mo.  volume,  rstra  cloth. 
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FRANCATELLPS  MODERN  FRENCH  COOKERY. 

THE    MODERN     COOK, 

A  PRACTICAL  GUIDE  TO  THE  CULINARY  ART,  IN  ALL  ITS  BRANCHES,  ADAPTED  AS 

WELL  FOR  THE  LARGEST  ESTABLISHMENTS  AS   FOR  THE  USE 

OF  PRIVATE  FAMILIES. 

BY  CHARLES  ELME  FRANCATELLI, 

Pupil  of  the  celebrated  Careme,  and  late  Maitre  D'Hotel  and  Chief  Cook  to  her  Majesty  the  Queen. 
In  one  large  octavo  volume,  extra  cloth,  with  numerous  illustrations. 

"  It  appears  to  be  the  book  of  books  on  cookery,  be  in;  a  most  comprehensive  treatise  on  that  art 
preservative  and  conservative.  The  work  comprises,  in  one  large  and  elegant  octavo  volume.  U47 
recipes  for  cooking  dishes  and  desserts,  with  numerous  illustrations;  also  bills  of  fare  and  direc- 
tions for  dinners  for  every  month  in  the  year,  for  companies  of  six  persons  to  twenty-eight. — Nat. 
Intelligencer. 

"  The  ladies  who  read  our  Magazine,  will  thank  us  for  calling  attention  to  this  great  work  on  the 
noble  science  of  cooking,  in  which  everybody,  who  has  any  taste,  feels  a  deep  and  abiding  interest. 
Francatelli  is  the  Plato,  the  Shakspeare,  or  the  Napoleon  of  his  department;  or  perhaps  the  La 
Place,  for  his  performance  bears  the  same  relation  to  ordinary  cook  books  that  the  Mecanique 
Celeste  does  to  Daboll's  Arithmetic.  It  is  a  large  octavo,  profusely  illustrated,  and  contains  every- 
thing on  the  pliilosophy  of  making  dinners,  suppers,  etc. ,  that  is  worth  knowing. — Graliam's Magazine. 

2.IOBER3N  COOKER'S*  X£T  ALL  ITS  BRANCHES, 

REDUCED  TO  A  SYSTEM  OF  EASY  PRACTICE.  FOR  THE  USE  OF  PRIVATE  FAMILIES. 

IN  A  SERIES  OF  PRACTICAL  RECEIPTS,  ALL  OF  WHICH  ARE  GIVEN 

WITH  THE  MOST  MINUTE  EXACTNESS. 

BY    ELIZA    ACTON. 

WITH   NUMEROUS   WOOD-CUT    ILLUSTRATIONS. 
TO  WHICH  IS  ADDED,  A  TABLE  OP  WEIGHTS  AND  MEASURES. 

THE  WHOLE  REVISED  AND  PREPARED  FOR  AMERICAN  HOUSEKEEPERS. 

BY  MRS.  SARAH  J.  HALE. 
From  the  Second  London  Edition.  In  one  large  12mo.  volume. 
"Miss  Eliza  Acton  may  congratulate  herself  on  having  composed  a  work  of  great  utility,  and  on« 
that  is  speedily  finding  its  way  to  every  '  dresser'  in  the  kingdom.  Her  Cookery-book  is  unques- 
tionably the  most  valuable  compendium  of  the  art  that  has  yet  been  published.  It  strongly  incul- 
cates economical  principles,  and  points  out  how  good  things  may  be  concocted  without  that  reck- 
less extravagance  which  good  cooks  have  been  wont  to  imagine  the  best  evidence  they  can  give  of 
skill  in  their  profession."— London  Morning  Post. 

HlilTo¥FLTrr^^ 

PLAIN  AND  PRACTICAL  DIRECTIONS  FOR  COOKING  AND  HOUSEKEEPING, 

WITH  UPWARDS  OF  SEVEN  HUNDRED  RECEIPTS, 

Consisting  of  Directions  for  the  Choice  of  Meat  and  Poultry,  Preparations  for  Cooking;  Making  of 

Broths  and  Soups  ;  Boiling,  Roasting,  Baking  and  Frying  of  Meats,  Fish,  <tc  ;  Seasonings 

Colorings,  Cooking  Vegetables;  Preparing  Salads  ;  Clarifying;  Making  of  Pastry, 

Puddings,  Gruels,  Gravies,  Garnishes,  &c  Ac,  and  with  general 

Directions  for  making  Wines. 

WITH    ADDITIONS    AND     ALTERATIONS. 

BY   J.    M.    SANDERSON, 

OF  THE  FRANKLIN  HOUSE. 

Iii  one  smnll  volume,  paper.    Price  only  Twenty-five  Cents. 

THE  COMPLETFcfi^^  BAKER. 

PLAIN  AND  PRACTICAL  DIRECTIONS 

FOR  MAKING  CONFECTIONARY  AND  PASTRY,  AND  FOR  BAKING. 

WITH  UPWARDS   OF  FIVE  HUNDRED  RECEIPTS, 

Consisting  of  Directions  for  making  all  sorts  of  Preserves,  Sugar  Boiling,  Comfits,  Lozenges. 

Ornamental  takes  Ices,  Liqueurs,  Waters.  Gum  Paste  Ornaments,  Syrups,  Jellies, 

Marmalades,  Compotes.  Bread  Baking,  Artificial  Yeasts,  Fancy 

Biscuits,  Cakes,  Rolls,  Muffins,  Tarts,  Pies,  &c,  &c. 

WITH     ADDITIONS     AND     ALTERATIONS. 

BY    PARKINSON, 

nt.VCTICAL  CONFECTIONER,  CHESTNUT  STREET. 

In  one  small  volume,  paper.    Puce  only  Twenty-five  CenU. 
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SMALL  BOOKS  ON  GREAT  SUBJECTS. 

A   SERIES    OP   WORKS 

WHICHlSfoScFHo/T^r,ON  °F  TH£   PUBLIC'   FR0M  THE  VARIETY  AND 
IMPORTANCE   OF   THEIR   SUBJECTS,   AND   THE   CONCISENESS  AND 

STRENGTH  WITH  WHICH  THEY  ARE  WRITTEN. 
They  form  a  neat  18mo.  series,  in  paper,  or  strongly  done  up  in  tlu-ee  neat  volumes,  extra  cloth. 

THERE    ARE    ALREADY    PUBLISHED, 
No.  1.-PHILOSOPHTCAL  THEORIES  AND  PHILOSOPHICAL  EXPERIENCE 

32-Sn  SXS^^T^  BIOLOGY  ANd'SlLECTUAL  SCIENCE. 
!'      Z    !™  ER  0VER  HIJfSELF,  TO  PREVENT  OR  CONTROL  INSANITY 

4.-AN   INTRODUCTION   TO   PRACTICAL   ORGANIC   CHEMISTRY    W^ReIeR 

ENCES  TO  THE  WORKS  OF  DAVY,  BRANDE,  LIEBIG &c  ' 

S.-A  BRIEF  VIEW  OF  GREEK  PHILOSOPHY  UP  TO  THE  AGE  OF  PER1CLFS 
6^HRIEST.?HIL0S0PHYFR0M   THEAGE   °F   ^CRATES   TO   THE   CoSg  OF 
7.-CHRISTIAN  DOCTRINE  AND  PRACTICE  IN  THE  SECOND  CENTURV 
8.-AN  EXPOSITION  OF  VULGAR  AND  COMMON  ERRORS,  ADAPTED  TO  THE  YEAR 
OF  GRACE  MDCCCXLV.  ^* 

9.-AN  INTRODUCTION  TO  VEGETABLE  PHYSIOLOGY,  WITH  REFERENCES  TO 

THE  WORKS  OF  DE  CANDOLLE,  LLNDLEY,  &c 
10.-ON  THE  PRINCIPLES  OF  CRIMINAL  LAW. 
11.— CHRISTIAN  SECTS  IN  THE  NINETEENTH  CENTURY. 
12.— THE  GENERAL  PR1NCLPLES  OF  GRAMMAR. 
"  We  are  glad  to  find  that  Messrs.  Lea  &  Blanchard  are  reprinting,  for  a  quarter  of  their  original 
price,  this  admirable  series  of  little  books,  which  have  justly  attracted  so  much  attention  in  Great 
Britain." — Graham's  Magazine. 

"The  writers  of  these  thoughtful  treatises  are  not  labourers  for  hire ;  they  are  men  who  have 
stood  apart  from  the  throng,  and  marked  the  movements  of  the  crowd,  the  tendencies  of  society, 
its  evils  and  its  errors,  and,  meditating  upon  them,  have  given  their  thoughts  to  the  thoughtful."— 
London  Critic. 

"  A  series  of  little  volumes,  whose  worth  is  not  at  all  to  be  estimated  by  their  size  or  price.  They 
are  written  in  England  by  scholars  of  eminent  ability,  whose  design  is  to  call  the  attention  of  the 
public  to  various  important  topics,  in  a  novel  and  accessible  mode  of  publication."— N.  Y.  Morning 
News. 

MACKINTOSH'S  DISSERTATION  ON  THE  PROGRESS 
OF  ETHICAL  PHILOSOPHY, 

WITH    A   PREFACE   BY 

THE  REV.  WILLIAM  WHEWELL,  M.  A. 
In  one  neat  8vo.  vol.,  extra  cloth. 


OVERLAND   JOURNEY   ROUND   THE   WORLD, 

DURING  THE  YEARS  1841  AND  1842, 
BY    SIR    GEORGE    SIMPSON, 

GOVERNOR-IN-CHIEF  OF  THE  HUDSON'S  BAY  COMPANY'S  TERRITORIES. 

In  one  very  neat  crown  octavo  volume,  rich  extra  crimson  cloth,  or  in  two 

parts,  paper,  price  75  cents  each. 

"A  more  valuable  or  instructive  work,  or  one  more  full  of  perilous  adventure  and  heroic  enter- 
prise, we  have  never  met  with." — John  Bull. 

"  It  abounds  with  details  of  the  deepest  interest,  possesses  all  the  charms  of  an  exciting  romance 
and  fjiTiishes  an  immense  mass  of  valuable  information."— Inquirer. 
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UNITED  STATES  EXPLORING  EXPEDITION. 

THE  NARRATIVE  OF  THE 

UNITED  STATES  EXPLORING  EXPEDITION, 

DURING  THE  YEARS  1838,  '39,  '40,  41,  AND  '42. 
BY    CHARLES    WILKES,     ESQ.,    U.  S.N. 

COMMANDER    OP  THE   EXPEDITION.    ETC. 

PRICE    TWENTY-FIVE    DOLLARS. 
A  New  Edition,  in  Five  Medium  Octavo  Volumes,  neat  Extra  Cloth,  particularly  done 
up  with  reference  to  strength  and  continued  use:  containing  Twenty  Six  Hon- 
ored Pages  of  Letter-press.     Illustrated  with  Maps,  and  about  Three 

Hundred  Splendid  Engravings  on  Wood. 
PRICE  ONLY  TWO  DOLLARS  A  VOLUME. 
Though  offered  at  a  price  so  low,  this  is  the  complete  work,  containing  all  the  letter-press  of  the 
edition  printed  for  Congress,  with  some  improvements  suggested  m  the  course  of  passing- the  work 
again  through  the  press.  All  of  the  wood-cut  illustrations  are  retained,  and  nearly  all  the  maps  ; 
the  large  steel  plates  of  the  quarto  edition  being  omitted,  and  neat  wood-cuts  substituted  for  forty- 
seven  steel  vignettes.  It  is  printed  on  line  paper,  with  large  type,  bound  in  very  neat  extra  cloth, 
and  forms  a  beautiful  work,  with  its  very  numerous  and  appropriate  embellishments. 

The  attention  of  persons  forming  libraries  is  especially  directed  to  this  work,  as  presenting  the 
novel  and  valuable  matter  accumulated  by  the  Expedition  in  a  cheap,  convenient,  and  readable  form. 
SCHOOL  and  other  PUBLIC  LIBRARIES  should  not  be  without  it.  as  embodying  the  results  of 
the  First  Scientific  Expedition  commissioned  by  our  government  to  explore  foreign  regions. 

"We  have  no  hesitation  in  saying  that  it  is  destined  to  stand  among  the  most  enduring  monu- 
ments of  our  national  literature.  Its  contributions  not  only  to  every  department  of  science,  but 
every  department  of  history,  are  immense ;  and  there  is  not  an  intelligent  man  in  the  community- 
no  matter  what  may  be  his  taste,  or  his  occupation,  but  will  find  something  here  to  enlighten,  to 
gratify,  and  to  profit  him." — Albany  Rduiious  Spectator. 


ANOTHER    EDITION. 
PRICE  TWENTY-FIVE  DOLLARS. 

IN  FIVE   MAGNIFICENT   IMPERIAL   OCTAVO  VOLUMES; 

WITH  AN  ATLAS  OF  LARGE  AND  EXTENDED  MAPS. 
BEAUTIFULLY  DONE  UP  IN  EXTRA  CLOTH. 
This  truly  great  and  National  Work  is  issued  in  a  style  of  superior  magnificence 
and  beauty,  containing  Sixty-four  large  and  finished  Line  Engravings,  embracing 
Scenery,  Portraits,  Manners,  Customs,  &c,  &x.  Forty-seven  exquisite  Steel  Vignettes, 
worked  among  the  letter-press;  about  Two  Hundred  and  Fifty  finely-executed  Wood- 
cut Illustrations,  Fourteen  large  and  small  Maps  and  Charts,  and  nearly  Twenty-six 
Hundred  pages  of  Letter-press. 

ALSO,  A  FEW  COPIES  STILL  ON  HAND. 

THE  EDITION  PRINTED  FOR  CONGRESS, 

IN  FIVE   VOLUMES,  AND  AN  ATLAS. 

LARGE  IMPERIAL  QUARTO,  STRONG  EXTRA  CLOTH. 
PRICE    SIXTY    DOLLARS. 


JUST  ISSUED, 

THE  ETHNOGRAPHY   AND  PHILOLOGY  OF  THE   UNITED 
STATES   EXPLORING  EXPEDITION, 

UNDER  TILE  COMMAND  OF  CHARLES  WILKES,  ESQ.,  U.  S.  NAVY. 
BY    HORATIO    HALE, 

PHILOLOGIST    TO   THE    EXPEDITION. 

in  one  large  imperial  octavo  volume  of  nearly  seven  hundred  pages.    With  two  Maps,  printed  to 
match  the  Congress  copies  of  the  "  Narrative." 

Price  ten  dollars,  in  beautiful  extra  cloth,  done  up  with  great  strength. 

•„*  This  is  the  only  edition  printed,  and  but  few  are  offered  for  sale. 

The  remainder  of  the  scientific  works  of  the  Expedition  are  in  a  state  of  rapid  progress.  Th« 
volume  on  Corals,  by  J.  D.  Dana,  Esq.,  with  an  Atlas  of  Plates,  will  be  shortly  ready,  to  be  fol- 
lowed by  the  others. 
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DON    QUIXOTE-ILLUSTRATED    EDITION. 


NEARLY   READY. 


DON  QUIXOTE  DE  LA  MANCHA, 

TRANSLATED    FROM  THE  SPANISH  OF 

MIGUEL    DE    CERVANTES   SAAVEDRA 

BY    CHARLES    JARVIS,    ESQ. 

CAREFULLY  REVISED  AND  CORRECTED,  WITH  A  MEMOIR  OF  THE  AUTHOR  AND 
NOTICE  OF  HIS  WORKS. 

WITH   NUMEROUS  ILLUSTRATIONS, 

BY    TONY    JOHANNOT. 
In  two  beautifully  printed  volumes,  crown  octavo,  rich  extra  crimson  cloth* 


The  publishers  are  happy  in  presenting  to  the  admirers  of  Don  Qnixote  an  edition  of  that  work 
in  some  degree  worthy  of  its  reputation  and  popularity.  The  want  of  such  a  one  has  long  been  felt 
in  this  country,  and  in  presenting  this,  they  have  only  to  express  their  hopo  that  it  may  meet  the 
numerous  demands  and  inquiries.  The  translation  is  that  by  Jarvis,  which  is  acknowledged  supe- 
rior in  both  force  and  fidelity  to  all  others.  It  has  in  some  few  instances  been  slightly  altered  to  adapt 
it  better  to  modern  readers,  or  occasionally  to  suit  it  to  the  inimitable  designs  of  Tony  Johannot. 
These  latter  are  admitted  to  be  the  only  successful  pictorial  exponents  of  the  wit  and  humor  01 
Cervantes,  and  a  choice  selection  of  them  have  been  engraved  in  the  best  manner.  A  copious 
memoir  of  the  author  and  his  works  has  been  added  by  the  editor.  The.  volumes  are  printed  in 
large  clear  type,  on  fine  paper,  and  handsomely  bound,  and  the  whole  is  confidently  offered  as 
wormy  me  approbation  ol  all  readers  of  this  imperishable  romance. 


I 
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PICCIOLA. 

ILLUSTRATED    EDITION. 

PICCIOLA,  THE  PRISONER  OF  FENESTRELLA; 

OR,   CAPTIVITY   CAPTIVE. 
BY  X.  B.  SAINTINE. 

A    NEW     EDITION,    WITH     ILLUSTRATIONS. 

In  one  elegant  duodecimo  volume,  large  type,  and  fine  paper;  price  in  fancy  covers 

50  cents,  or  in  beautiful  extra  crimson  cloth. 

"  Perhaps  the  most  beautiful  and  touching  work  of  fiction  ever  written,  with  the  exception  of 
Undine." — Atlas. 

"  The  same  publishers  have  shown  their  patriotism,  common  sense,  and  food  taste  by  putting 
forth  their  fourth  edition  of  this  work,  with  a  set  of  very  beautiful  engraved  embellishments.  There 
never  was  a  book  which  better  deserved  the  compliment.  It  is  one  of  greatly  superior  merit  to 
Paul  and  Virginia,  and  we  believe  it  is  destined  to  surpass  that  popular  work  of  St.  Pierre  in  popu- 
larity. It  is  better  suited  to  the  advanced  ideas  of  the  present  age,  and  possesses  peculiar  moral 
charms  in  which  Paul  and  Virginia  is  deficient.  St.  Pierre's  work  derived  its  popularity  from  its 
bold  attack  on  feudal  prejudices;  Saintme's  strikes  deeper,  and  assails  the  secret  infidelity  which 
is  the  bane  of  modern  society,  in  its  stronghold.  A  thousand  editions  of  Picciola  will  not  be  too 
many  for  its  merit." — Lady's  Book. 

"  This  is  a  little  gem  of  its  kind — a  beautiful  conceit,  beautifully  unfolded  and  applied.  The  style 
and  plot  of  this  truly  charming  story  require  no  criticism  ;  we  will  only  express  the  wish  that  those 
who  rely  on  works  of  fiction  tor  their  intellectual  food,  may  always  find  those  as  pure  in  language 
and  beautiful  in  moral  as  Picciola." — New  York  Review. 

"  The  present  edition  is  got  up  in  beautiful  style,  with  illustrations,  and  reflects  credit  upon  the 
publishers.  We  recommend  to  those  of  our  readers  who  were  not  fortunate  enough  to  meet  with 
Picciola  some  years  ago,  when  it  was  first  translated,  and  for  a  season  all  the  rage,  to  lose  no  tune 
in  procuring  it  now — and  to  those  who  read  it  then,  but  do  not  possess  a  copy,  to  embrace  the  op- 
portunity of  supplying  themselves  from  the  present  very  excellent  edition." — Saturday  Evening  I'ost. 

"A  new  edition  of  this  exquisite  story  has  recently  been  issued  by  Messrs.  Lea  &.  Blanchard, 
embellished  and  illustrated  in  the  most  elegant  manner.  We  understand  that  the  work  was  com- 
pletely out  of  print,  and  a  new  edition  will  then  be  welcomed,  it  contains  a  debghtful  letter  from 
the  author,  giving  a  painful  uisight  into  the  personal  history  of  the  characters  who  figure  in  the 
Story." — Evening  Bulletin. 

"  The  most  charming  work  we  have  read  for  many  a  day." — Richmond  Enquirer. 

LOVER'S  RORY  O'MORE. 

nORY  O'MORB-A  NATIONAL  ROMANCE, 

BY   SAMUEL   LOVER. 

A  new  and  cheap  edition,  with  Illustrations  by  the  Author.    Price  only  25  cents. 

Also,  a  beautiful  edition  in  royal  12mo.,  price  50  cents,  to  match  the  following. 

"A  truly  Irish,  national,  and  characteristic  story." — London  Literary  Gazette. 

"Mr.  Lover  has  here  produced  his  best  work  of  fiction,  which  will  survive  when  half  the  Irish 

sketches  with  which  the  literary  world  teems  are  forgotten.    The  interest  we  take  in  the  varied 

adventures  of  Rory  is  never  once  suffered  to  abate.    We  welcome  him  with  high  delight,  and 

part  from  him  with  regret." — London  Sun. 

LOVER'S  IRISH  STORIES. 

LEGENDS  AND  STORIES  OF  IRELAND, 

BY   SAMUEL   LOVER. 

In  one  very  neat  12mo.  volume,  fine  paper,  extra  cloth  or  fancy  paper, 

With  Illustrations  by  the  Author. 

LOVER'S  SONGS  AND  BALLADS, 

INCLUDING   THOSE    OF   THE    "IRISH  EVENINGS." 

In  one  neat  12mo.  volume,  price  25  cents. 

MARSTON, 

OR  THE  MEMOIRS  OF  A  STATESMAN  AND  SOLDIER. 

BY  THE   REV.  GEORGE   CROLY, 
Author  of  "  Salathiel,"  "  Angel  of  the  World,"  &c. 
In  one  octavo  volume,  paper,  price  fifty  cents. 
"A  work  of  high  character  and  absorbing  interest."—  New  Orleans  Bee. 
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BIOGRAPHY  AND  POETICAL  REMAINS 

OF   THE    LATE 

MAEGABET    MILLER    DAVIDSON, 
BY     WASHINGTON     IRVING. 

A  NEW  EDITION,  REVISED. 

POETICAL   REMAINS 

OF   THE   LATE 

LUCESTIA    MARIA    DAVIDSON. 

COLLECTED  AND  ARRANGED  BY  HER  MOTHER,  WITH  A  BIOGRAPHY  BY 

MISS  SEDGWICK. 

A    NEW    EDITION,    REVISED. 

SELECTIONS  FROM  THE 

WRITINGS  OF  MRS.  MARGARET  M.  DAVIDSON, 

THE  MOTHER  OF  LUCRETIA  AND  MARGARET. 

WITH  A  PREFACE  BY  MISS  SEDGWICK. 
The  above  three  works  are  done  up  to  match  in  a  neat  duodecimo  form,  fancy  paper,  price  fifty 
cents  each ;  or  in  extra  cloth. 

THE  LANGUAGE  OF  FLOWERS, 

WITH   ILLUSTRATIVE   POETRY;  TO  WHICH  ARE  NOW  ADDED  THE 
CALENDAR  OF  FLOWERS,  AND  THE  DIAL  OF  FLOWERS. 

SEVENTH   AMERICAN,    FROM   THE   NINTH   LONDON   EDITION. 

Revised  by  the  Editor  of  the  "  Forget-Me-Not." 
In  one  very  neat  18mo.  volume,  extra  crimson  cloth,  gilt.    With  six  colored  Plates. 

CAMPBELL'S  POETICAL  WORKS, 

THE  ONLY  COMPLETE  AMERICAN  EDITION, 

WITH  A  MEMOIR   OF  THE  AUTHOR  BY  IRVING,  AND  AN 
ESSAY  ON  HIS  GENIUS  BY  JEFFREY. 

In  one  beautiful  crown  octavo  volume,  extra  cloth,  or  calf  gilt :  with  a  Portrait  and  12  Plates. 

KEBLE'S  CHRISTIAN  YEAR, 

EDITED   BY  THE   RIGHT   REV.   BISHOP   DOANE. 

Miniature  Edition,  in  32mo.,  extra  cloth,  with  Illuminated  Title. 

RELIGIO  MEDICI,  AND  ITS  SEQUEL,  CHRISTIAN  MORALS, 

BY   SIR   THOMAS   BROWNE,   KT., 

WITH  RESEMBLANT  PASSAGES  FROM  COWPER'S  TASK. 
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PREFACE. 

This  illustrated  Manual  of"  Sports,  Pastimes,  and  Recreations,"  has  been  prepared  with  especial 
regard  to  the  Health,  Exercise,  and  Rational  Enjoyment  of  the  young  readers  to  whom  it  is  ad- 
dressed. 

Every  variety  of  commendable  Recreation  will  be  found  in  the  following  pages.  First,  you  have 
the  little  Toys  of  the  Nursery ;  the  Tops  and  Marbles  of  the  Play-ground ;  and  the  Balls  of  the 
Play-room,  or  the  smooth  Lawn. 

Then,  you  have  a  number  of  Pastimes  that  serve  to  gladden  the  fireside  ;  to  light  up  many  faces 
right  joyfully,  and  make  the  parlour  re-echo  with  mirth. 

Next,  come  the  Exercising  Sports  of  the  Field,  the  Green,  and  the  Play-ground ;  followed  by 
the  noble  and  truly  English  game  of  Cricket. 

Gymnastics  are  next  admitted ;  then,  the  delightful  recreation  of  Swimming  ;  and  the  healthful 
sport  of  Skating. 

Archery,  once  the  pride  of  England,  is  then  detailed  ;  and  very  properly  followed  by  Instructions 
in  the  graceful  accomplishment  of  Fencing,  and  the  manly  and  enlivening  exercise  "'  Riding. 

Angling,  the  pastime  of  childhood,  boyhood,  manhood,  and  old  age,  is  next  described  ;  and  by 
attention  to  the  instructions  here  laid  down,  the  lad  with  a  stick  and  a  string  may  soon  become  an 
expert  Angler. 

Keeping  Animals  is  a  favourite  pursuit  of  boyhood.  Accordingly,  we  have  described  how  to  rear 
the  Rabbit,  the  Squirrel,  the  Dormouse,  the  Guinea  Pig,  the  Pigeon,  and  the  Silkworm.  A  long 
chapter  is  adapted  to  the  rearing  of  Song  Birds  ;  the  several  varieties  of  which,  and  their  respective 
cages,  are  next  described.  And  here  we  may  hint,  that  kindness  to  Animals  invariably  denotes  an 
excellent  disposition  ;  for,  to  pet  a  little  creature  one  hour,  and  to  treat  it  harshly  the  next,  marks 
a  capricious  if  not  a.cruel  temper.  Humanity  is  a  jewel,  which  every  boy  should  be  proud  to  wear 
in  his  breast. 

We  now  approach  the  more  sedate  amusements — as  Draughts  and  Chess ;  two  of  the  noblest 
exercises  of  the  ingenuity  of  the  human  mind.  Dominoes  and  Bagatelle  follow.  With  a  know- 
ledge of  these  four  games,  who  would  pass  a  dull  hour  in  the  dreariest  day  of  winter ;  or  who 
would  sit  idly  by  the  fire  1 

Amusements  in  Arithmetic,  harmless  Legerdemain,  or  sleight-of-hand,  and  Tricks  with  Cards, 
will  delight  many  a  famdy  circle,  when  the  business  of  the  day  is  over,  and  the  book  is  laid  aside. 

Although  the  present  volume  is  a  book  of  amusements,  Science  has  not  been  excluded  from  its 
pages.  And  why  should  it  be  1  when  Science  is  as  entertaining  as  a  fairy  tale.  The  changes  we 
read  of  in  little  nursery-books  are  not  more  amusing  than  the  changes  in  Chemistry,  Optics,  Elec- 
tricity, Magnetism,  &c.    By  understanding  these,  you  may  almost  become  a  little  Magician. 

Toy  Balloons  •  and  Paper  Fireworks,  (or  Fireworks  without  Fire,)  come  next.  Then  follow  In- 
structions for  Modelling  in  Card-Board;  so  that  you  may  huild  for  yourself  a  palace  or  a  carriage, 
and,  in  short,  make,  for  yourself  a  little  paper  world. 

Puzzles  and  Paradoxes,  Enigmas  and  Riddles,  and  Talking  with  the  Fingers,  next  make  up  plenty 
of  exercise  for  "  Guess,"  and  "  Guess  again."  And  as  you  have  the  "  Keys"  in  your  own  hand,  yoa 
may  keep  your  friends  in  suspense,  and  make  yourself  as  mysterious  as  the  Sphynx. 

A  chapter  of  Miscellanies — useful  and  amusing  secrets — winds  up  the  volume. 

The  "  Treasury"  contains  upwards  of  four  hundred  Engravings  ;  so  that  it  is  not  only  a  collection 
of  "  secrets  worth  knowing,"  but  it  is  a  book  of  pictures,  as  full  of  prints  as  a  Christmas  pudding 
is  of  plums. 

It  maybe  as  well  to  mention  that  the  "Treasury"  holds  many  new  games  that  have  never 
before  been  printed  in  a  book  of  tins  kind.  The  old  games  have  been  described  afresh.  Thus  it 
is,  altogether,  a  new  book. 

And  now  we  take  leave,  wishing  you  many  hours,  and  days,  and  weeks  of  enjoyment  ever  these 
pages;  and  wo  hope  that  you  may  be  as  happy  as  this  book  is  brimful  of  amusement. 
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